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ABSTRACT 

We present intermediate-resolution optical spectrophotoinetry of 65 galaxies obtained in support of 
the Spitzer Infrared Nearby Galaxies Survey (SINGS). For each galaxy we obtain a nuclear, circumnu- 
clear, and semi-integrated optical spectrum designed to coincide spatially with mid- and far-infrared 
spectroscopy from the Spitzer Space Telescope. We make the reduced, spectrophotometrically cali- 
brated one-dimensional spectra, as well as measurements of the fluxes and equivalent widths of the 
strong nebular emission lines, publically available. We use optical emission-line ratios measured on all 
three spatial scales to classify the sample into star- forming, active galactic nuclei (AGN), and galaxies 
with a mixture of star formation and nuclear activity. We find that the relative fraction of the sample 
classified as star-forming versus AGN is a strong function of the integrated light enclosed by the spec- 
troscopic aperture. We supplement our observations with a large database of nebular emission-line 
measurements of individual H ii regions in the SINGS galaxies culled from the literature. We use 
these ancillary data to conduct a detailed analysis of the radial abundance gradients and average H ii- 
region abundances of a large fraction of the sample. We combine these results with our new integrated 
spectra to estimate the central and characteristic (globally-averaged) gas-phase oxygen abundances 
of all 75 SINGS galaxies. We conclude with an in-depth discussion of the absolute uncertainty in the 
nebular oxygen abundance scale. 

Subject headings: atlases — galaxies: abundances — galaxies: fundamental parameters — galaxies: 
ISM — galaxies: stellar content — techniques: spectroscopic 



1. INTRODUCTION 

The Spitzer Infrared Nearby Galaxies Survey (SINGS) 
was designed to investigate the star formation and dust 
emission properties of 75 nearby galaxies using the full 
complement of instruments availab le on the Spitzer Space 
Telescope (Kennicu tt et al.ll2003a|) . With the survey now 
complete, SINGS has delivered to the astrophysics com- 
munity among the most detailed mid- and far-infrared 
wide-field images and spectral maps of nearby galaxies 
ever obtainedlj 

Supplemented with ancillary multi-wavelength ob- 
servations from the ultraviolet (UV) to the radio, 
these data have facilitated a wide range of stud- 
ies of the global and small-scale interstellar medium 
(ISM) properties of galaxies and active galactic nuclei 
(AGN), including: analyses of the mid-infrared nebu- 
lar, aromatic, and molecular hydrogen spectra of galac- 
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ticnuclci and cxtranuclea r H I I regions (Smith et alj 
2004 ,200 7: Roussel ctj^] 120071: [Prescott ct al. 2003 



Dale et al.l l2006l 120091 ): the construction of broadband 
0.15 — 850 Atm galaxy spectr al energy distributions 
(SEDs; iDale et al.l 120051 120071 ). a nd their interpreta- 
tion using physical dust m odels (jDraine et al.l 120071 : 
iMuiioz-Mateos et all l2009al lH): detailed studies of the 
mid- a nd far-infrared morphologies of both low-mass 
dwarfs (jCannon et al.l [2006ab : Walter et al.l 120071) and 
massive early- and la,te-type galaxies (iReean et al.ll2004l : 
iMurphv et all 120061 : iBendo et all [20071); and the devel- 
opment of robust global and spatially resolved optical 
and infrared (IR) star formation rat e (SFR) d iagnostics 
(jCalzctti ct al. 2005 2007 2010 ; Ke nnicutt et al. 200^^ 
120091 : iBoquien et al .1120091 12010| ) . among others. 

In addition to imaging and spectroscopy with Spitzer, 
SINGS has also assembled a large, homogeneous 
database of multi-wavelength observations designed to 
maximize the scientific impact and legacy value of 



the survey (Kennic utt et al.! 2003a: Mcu rer et al.l 
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Dale et al.l 2005; Daiele et al. 2006: Dale et ah. 

Calzctti ct al. 200 71: feraun et al.l l2007t iDicaire et al.l 
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2008. : Walter et al 

fort, this paper presents 



As part of this larger ef- 
intermediate-resolution, (^ 
8 A FWHM), high signal-to- noise ratio (S/N = 5 - 
100 pixel~^) optical (3600 — 6900 A) spectrophotometry 
of the SINGS galaxies on several spatial scales designed 
to match the coverage of the Spitzer spectroscopy, rang- 
ing from the inner nucleus, to spectra that enclose a sig- 
nificant fraction (30% — 100%) of the integrated optical 
light. In addition to making the reduced one-dimensional 
spectra publically available, we also provide measure- 
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ments of the strong nebular emission lines corrected for 
underlying stellar absorption using state-of-the-art stel- 
lar population synthesis models. 

These optical spectra provide a valuable complement 
to the SINGS multi-wavelength dataset in several re- 
spects. First, the calibrated emission-line spectra pro- 
vide measures of the instantaneous SFR and dust red- 
dening that can be compared to independent measures 
of SF Rs and extinctions de r ived from the UV and IR 
(e.g., [K ennicutt ct all 120091 : iCalzetti et all I2007L 120101 : 
iRieke et al. 2009). The forbidden- line spectra provide 
gas-phase metal abundances and constrain the nature of 
the primary ionizing radiation sources (i.e., AGN vs. star 
formation) , both of which are important for interpreting 
the infrared line spectra and SEDs, and for probing de- 
pendences of the dust properties and star formation o n 
metallicity (e.g.. iSmith et all 120071 : iDraine et "all 120071 ). 
Finally the optical stellar continuum provides valuable 
constraints on the stellar populations, and the proper- 
ties o f the stars that are r esponsible for heating the dust 
(e.g., iGordon et aLll2000l: iCorteseet al] |20081. 

In this paper we combine our optical spectra with spec- 
troscopy of individual H ii regions culled from the liter- 
ature to derive the nebular (gas-phase) metallicitiecl of 
the SINGS galaxies. Dust grains, which absorb and rera- 
diate a significant fraction of the bolometric luminosity 
of a galaxy into the IR, are composed of heavy elements 
such as C, O, Mg, Si, and Fe (Drainc 200|). Therefore, 
the infrared SED of a galaxy is fundamentally related to 
its chemical composition. For example, numerous stud- 
ies have reported a link between the observed deficit of 
polycyclic aromatic hydrocarbon (PAH) emission in the 
mid-IR of galaxies more metal-poor than a threshold gas- 
phase oxygen abundance of 12 -I- log(0/II) « 8.1 (e.g., 
[Madden 2000; EngelbrachLeLalJi2005, 2008), which may 
be due, in part, to a paucity of m etals from which t o 
form these complex molecules (e.g., IDraine et al.ll2007l ). 
Integrated and monochromatic infrared SFR calibrations 
must also carefully consider metallicity effects, as galax- 
ies at UV/optical wavelengths become increasingly trans- 
parent with decrea s ing metallicity and dust content (e.g., 
Draine et ani2007t ICalzetti et al.ll2007l 120101 IZhu et alJ 
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We organize the remainder of the paper as follows. In 
ij2]we briefly describe the SINGS sample, present our op- 
tical spectrophotometry and measurements of the fluxes 
and equivalent widths of the strong optical emission lines, 
and describe our spectroscopic database of H ii regions 
in the SINGS galaxies. We classify the sample into star- 
forming galaxies and AGN in SJ31 and present a detailed 
analysis of the nebular oxygen abundances of the sam- 
ple based on an analysis of our optical spectra and the 
H ii-region observations in S|4l In [J5] we provide a de- 
tailed discussion of the discrepancy among abundances 
derived using different strong-line methods. Finally, we 
summarize our results in ^ 

2. OBSERVATIONS 



^ Unless otherwise indicated, in this paper we use the term metal- 
licity to mean the gas-phase oxygen-to-hydrogen abundance ratio, 
12 + log(0/H). For reference, the currently favored solar oxy- 

[ :en abundance in th ese units is 12 -|- log (0/H)q = 8.69 ± 0.05 
Asplund et~al|[2009h . 



2.1. SINGS Sample and Properties 

The SINGS galaxies were selected using three principal 
criteria — morphology, optical luminosity, and infrared- 
to-optical luminosity ratio — such that the sample would 
span the broadest possible range of star formation and 
dust properties exhibited by nearby, normal galaxies 
(jKennicutt et a l. 2003a). An approximate distance limit, 
D < 30 Mpc, was also imposed so that the interstellar 
medium could be studied with adequate spatial resolu- 
tion with Spitzer. Galaxies hosting powerful AGN were 
intentionally excluded from the sample as a more com- 
plete sample of AGNs have been observed as part of com- 
plementary Spitzer Guaranteed Time Observer (GTO) 
programs (e.g.. .Wecd man ct al..,2005; .Wu ct al...2009.) . 
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Fig. 1. — Optical color-magnitude diagram for the SINGS galax- 
ies coded by morphological type: E/SO {dark blue points), Sa-Sbc 
{tan squares), and Sc-Im {dark red diamonds). For comparison, 
the contoured greyscale image shows the color-magnitude diagram 
of a flux-limited sample of ~ 5 X 10^ SDSS galaxies. This fig- 
ure demonstrates the broad range of optical luminosity and color 
spanned by the SINGS sample. 

Table [1] presents some basic properties of the sample 
used in the current analysis. The table includes an up- 
dated set of distances based on a careful search of the 
literature. For galaxies without a direct distance esti- 
mate (e.g., from observations of Cepheid variables), we 
use their Hubble distance corrected for peculiar motions 
(jMastersI 120051) assuming Ha = 70 km s~^ Mpc"^ Op- 
tical B- and F-band phot ometry for the SINGS sample 
ha s been taken eithe r from iMunoz-Mateos et al.l (|2009aD 
or iDale et all (I2007D. listed in order of prefe rence. The 
photometry in iMufioz-Mateos et all ()2009al) for 54/75 
galaxies is based on a careful curve-of-growth analysis 
and recalibration of imaging available in the l iterature 
(jPrugniel fc Heraudeaul Il998l: IDale et al.l l2007l) . They 
provide asymptotic (integrated) B- and F-band magni- 
tudes for 22 of these obj ects, and iiitegrat ed ugriz mag- 
nitudes from the SDSS (jYork et al.ll2000[ ) for the other 
32 galaxies. The SDSS magnitudes were transformed 
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to B- and F-band magnitude s using the statistical lin - 
ear transformations derived bv lBlanton fc RoweisI (|2007[ ) 
based on a large sample of SDSS galaxies. The absolute 
i?-band magnitudes, Mb, and B — V colors in Table [1] 
have been corrected for foreground Galactic reddening 
(jSchlegel et al. 1998) and converted t o the Vega system 
using the AB-to-Vega conversions in iBlanton fc RoweTsI 
(|2007( ). We adopt a minimum photometric error of 10% 
and 5% in Mb and B — V, respectively. 

One of the strengths of the SINGS sample is that it 
was designed to span a broad range of galaxy properties. 
We illustrate this point in Figure [T] where we plot B — V 
versus Mb of the full sample, divided into three bins of 
morphological type. For comparison, we show the cor- 
responding color-magnitude diagram for a flux-limited 
(rAB < 17.6) sample of- 5x 10^ SDSS galaxies at 0.01 < 
z < 0.25 selected from t he NYU Value-Adde d Galaxy 
Catalo£3 (NYU-VAGC; IBlanton e t aP [2005h an d the 
SDSS Data Release 7 (DR7; Abazaii an et al.ll2009[) . The 
rest- frame luminosities of the SDSS galaxies were es- 
timat ed using K-CORRECT (v. 4.1.4; IBlanton k RoweisI 
I2007[ )r"l Among bright {Mb < -18) galaxies, the two 
samples span a comparable range of luminosity and color, 
whereas the SINGS sample includes a significant number 
of faint blue galaxies. 

2.2. Nuclear, Circumnuclear, and Radial-Strip 
Spectroscopy 

2.2.1. Observations & Reductions 

The overall strategy guiding our optical observing 
program was to complement the mid- and far-infrared 
spectra of the SINGS sample obtained as part of the 
principal Spitzer observations (Kennicutt et al.l l2003al : 
iSmith et al.|[2007t iDale et al.l l2009D. Brieflv. the infrared 
observations produce low-resolution (72. « 100) 5 — 15 fj,m 
spectral cubes of the central 34" x 55" of each galaxy, 
and 10 — 37 /im spectral cubes of the inner 18" x 24" at 
higher resolution , TZ w 600, using the IRS spectrograph 
(jHouck et al.l [2004)Pl In addition, there are 15 - 38 fim 
radial strip IRS spectra atTZ ~ 100 enclosing a 56" wide 
rectangular aperture that extend over 30% — 100% of the 
optical diameter of each galaxy, and complementary low- 
resolution (TZ ~ 15) 55 — 95 /xm radial strip spectra of 
approximately the sa me region using the MIPS instru- 
ment in SED mode (Rieke et al.ll2004J ). 

The optical spectra were obtained between 2001 
November and 2006 May at the Bok 2.3-meter tele- 
scope on Kitt Peak for galaxies in the northern hemi- 
sphere, and at the CTIO 1.5-meter telescope for galaxies 
in the southern hemisphere. At the Bok telescope we 
used the B&C spectrograph and a 400 mm~^ grating, 
blazed at ~ 5200 A, to obtain spectral coverage from 
3600 - 6900 A at - 8 A FWHM (TZ « 700) resolution 
through a 200" x 2'.'5 slit. The CTIO observations were 
obtained using the R-C spectrograph and a 300 mm~^ 
grating (#9), blazed at ^ 4000 A, which provided spec- 
tral coverage from 3450 - 6900 A at - 8.5 A FWHM 
(n « 600) resolution through a 460" x 3" slit. 

■"^ http://sdss.physics.nyu.edu/vagc 
^^ http://howdy.physics.nyu.edu/index.php/Kcorrect 
12 The center of NGC 3034=M 82 was a reserved target; there- 
fore, it was not mapped by SINGS with the IRS instrument, al- 
though we did obtain optical spectra of its center (see Appendix lA)! . 



We use d the long- s lit dri ft-scanning technique pio- 
neered by iKennicutg ()1992al ) to obtain integrated op- 
tical spectra over the same physical area targeted by 
the IRS and MIPS observations. Drift-scanning con- 
sists of driving a long-slit back-and-forth perpendicular 
to the slit during a single exposure in order to build a 
luminosity-weighted integrated spectrum of a large spa- 
tiall y extended area at the spectra l resoluti on of a narrow 
slit ( Kennicuttlll992al: iJansen et a l. 2000; iGavazzi et al.l 
120041: iMoustakas fc KennicuttI l2006al) . For each object 
we obtained a circumnuclear spectrum targeting the cen- 
tral regions of each galaxy, and a large rectangular radial- 
strip spectrum spatially coincident with the IRS and 
MIPS observations (see below). We also obtained a 
pointed (spatially fixed) spectrum centered on the nu- 
cleus of each object. The total exposure time for the 
radial strip, circumnuclear, and nuclear spectra ranged 
from 20 — 60, 10 — 30, and 5 — 10 minutes, respectively, 
usually split into two or more exposures to allow cosmic 
rays to be identified. 

The data reduction steps consisted of overscan- and 
bias-subtraction, flat-fielding, a correction for the vary- 
ing illumination pattern, an d sky subtraction (see 
IMoustakas fc KennicuttI l2006al for details). We com- 
bined multiple exposures using inverse variance weight- 
ing while iteratively rejecting cosmic rays. The galaxies 
in SINGS with the largest projected angular diameters 
usually required multiple pointings to achieve full spa- 
tial coverage of the corresponding infrared spectra, or 
to ensure that the sky was adequately sampled. For 
these objects we obtained 2 — 6 overlapping spectra, 
which we subsequently stitched together by examining 
the spatial profiles in the overlap region. Flux-calibration 
was facilitated by observations of standard stars se- 
lect ed from the ffgr/C ALSPECQ (Bohhn et al. 200lT) 
and lMassev et al.l (|1988t) star lists. We estimate that our 
relative spectrophotometric ac curacy is < ±5% across 
the fu ll spectral range (see also IMoustakas &: KennicuttI 
l2006aD . 

We extracted one-dimensional spectra using a 2" 5 x 2'.'5 
(or 2'.'5 X 3"0 for the CTIO spectra) and 20" x 20" 
aperture for each nuclear and circumnuclear spectrum, 
respectively. The radial strip spectra were extracted 
over a (0.55 x D25) x Agcan arcsec^ rectangular region, 
where D25 is the major-axis diameter of each galaxy 
(see Table [1]) and Agcan — 56" (in some cases 55") is 
the drift-scan length perpendicular to the slit. The po- 
sition angle and drift-scan length of each radial-strip 
spectrum was chosen to maximize the spatial overlap 
with the corresponding IRS spectra having at least dou- 
ble cover age in both s pectral orders (see Appendix |^ 
and Smith et al.l 120041 for more details). Finally, all 
the spe ctra were corrected for foregroun d Galactic red- 
dening (|0'Donnelll[l994t iSchlegel et al.l[l998^ assuming 
Rv = Av/E{B -V)= 3.1 (see Table [I]). 

Table [3] summarizes our observations; we present the 
data themselves in Appendix|Al We obtained at least one 
optical spectrum for 65 galaxies, or 87% of the SINGS 
sample. Three of the ten objects without any spectra — 
NGC 5408, IC 4710, and NGC 7552— are in the south- 
ern hemisphere and were not accessible during the 2001 
December CTIO observing run. The remaining seven 

^^^ http://www.stsci.edu/hst/observatory/cdbs/calspec.html 
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galaxies lacking an optical spectrum — Ho II, M 81 Dw A, 
Ho I, Ho IX, DDO 154, DDO 165, and NGC 6822— are 
faint, low surface-brightness dwarfs for which we were 
unable to obtain usable data. In total, we obtained nu- 
clear, circumnuclear, and radial-strip spectra for 57, 65, 
and 62 of the SINGS galaxies, respectively. 

In Figure [5] we characterize the range of spatial scales 
spanned by our observations by plotting the distribution 
of i3-band light fraction and the physical area (in kpc^) 
subtended by our nuclear, circumnuclear, and radial- 
strip spectra. The light fractions were measured from 
the i?-band images of the SINGS galaxies by projecting 
the rectangular apertures listed in Table [5] and comput- 
ing the fraction of hght within each aperture relative to 
the integrated flux (jDale et al.ll2007[ ). Our circumnuclear 
spectra enclose 0.54% — 80% of the integrated optical 
light, with a typical (median) value of 12%, while our 
radial-strip spectra enclose 16% — 96% of the integrated 
light, with a median value of 49%. Therefore, our circum- 
nuclear and radial-strip spectra should be representative 
of the central and integrated (globally averaged) optical 
properties, respectively, of most of the galaxies in the 
sample (|Kewlev et al.ii2005.) . 
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Fig. 2. — Distribution of (left) B-band light fraction and (right) 
physical area (in kpc-^) subtended by our nuclear (solid), circumnu- 
clear (dashed), and radial-strip (dot-dashed) spectra. The median 
light fraction enclosed by our nuclear, circumnuclear, and radial- 
strip spectra is 0.84%, 12%, and 49%, respectively, correspond- 
ing to a physical area of 0.17 X 0.17 kpc^, 1.2 X 1.2 kpc^, and 
6.6 X 6.6 kpc^. Thus, our radial-strip spectra should be representa- 
tive of the integrated (globally-averaged) properties of the sample 
for most objects, while our circumnuclear spectra should be repre- 
sentative of the central regions of most galaxies. 



2.2.2. Optical Emission-Line Measurements 

With the latest generation of high-resolution stellar 
population synthesis models it has become possible to 
separate accurately the stellar continuum spectrum of 
a galaxy from its integrated emission-line spectrum, so 
that the emission-line strengths can be studied free from 
the syste matic effects of Balmer and metal-line absorp- 
tion ( e.g., [ Brinchmann et al.' '2004'; ' Cid Fernandes et al.l 
I2005t iMou stakas & Kcnnicutt 2006a: lAsari et al.ll2007ir 

We fit each spectrum using the iBruzual fc Chariot! 
(J2003, hereafter BC03) stellar pop ulation synthesis mod- 
els assuming the iChabrien (|2003| ) initial mass function 
between 0.1 and 100 A^©. We model the data as a non- 
negative linear combination of ten BC03 models with 
ages ranging between 5 Myr and 13 Gyr and three dif- 
ferent metallicities: Z = 0.004, 0.02, 0.05. We derive the 



best-fitting model, separately for each stellar metallic- 
ity, using a modified version of the pPXFF^ continuum- 
fitting code ()Cappellari fc EmsellemI I2004D . First, we 
isolate the 3700 — 4850 A spectral range to derive the 
absorption-line redshift of the galaxy, Zabs, and an es- 
timate of the velocity dispersion, CTdisp, deconvolved for 
the instrumental resolution of our spectra and the BC03 
models. Next, we model the full spectral range, fix- 
ing Zabs and (Jdisp at the derived values and aggres- 
sively mask pixels that may be affected by emission 
lines, sky-subtraction residuals, or telluric absorption. 
We treat reddening as a free parameter assuming the 
iCalzetti et al.l (|2000[ ) dust attenuation law. Finally, we 
choose the stellar metallicity that results in the best fit 
(i.e., lowest reduced y^). 

We emphasize that our principal objective in mod- 
eling the underlying stellar continuum is to obtain a 
pure emission-line spectrum that has been corrected 
self-consistently for stellar absorption, not to constrain 
star-formation history and stellar metallicity within each 
spectroscopic aperture. Star-formation history, age, 
metallicity, and dust reddening are notoriously degen- 
erate, which means that the multidimensional param- 
eter space is a very complex manifold that likely con- 
tains numerous local minima. Our simple x^ mini- 
mization algorithm is ill-suited for solving this kind of 
problem, although more general methods for inferring 
these quantities fro m integrated optical s pectra have 
been developed (e.g . . iPanter et"a l. 2003: Gal lazzi et alJ 
20051 lOcvirk et all [20061 ICid Fernandes et al.l 120071: 



Toieiro et al.l 120071: iBlanton fc RoweisI I2007D . For our 
purposes, we have verified that varying our model as- 
sumptions does not significantly impact the measured 
emission-line strengths. Specifically, we checked that 
fixing the stellar metallicity of the model s to solar, 
adop t ing a different exti i iction law (e . g.. lO'Donnelll 



[l99l ICharlot fc Faiil[2000l: IGordon et all 12003 ). assum- 
ing a different initial mass function ()Salpeteiill955[ ). or 
changing the number of model ages yields emission-line 
strengths that are within the statistical uncertainties for 
most objects. 

Given the best-fitting stellar continuum, we sub- 
tract it from the data to obtain a pure emission- 
line spectrum corrected for stellar absorption. Next, 
we remove any remaining residuals (typically of or- 
der a few percent) due to imperfect sky-subtraction 
or template mismatch using a 51-pixel sliding me- 
dian. Finally, we model the strong optical emis- 
sion lines — [O ii] A3727, H7 A4340, H/3 A4861, 
[O III] AA4959, 5007, [N 11] AA6548, 6584, Ha A6563, and 
[S 11] AA6716, 6731 — as individual Gaussian line-profiles 
using a modified version of the GA N DALif^ emission- 
line fitting code (jSarzi et al.1 120061 : iSchawinski et al.l 
l200l . constraining the [O III] A5007/[O III] A4959 and 
[N 11] A6584/[N 11] A6548 doublet ratios to be 3:1 
(jOsterbrock fc Ferla nd"2006') . We perform the emission- 
line fitting in two iterations. First, we tie the redshifts 
and intrinsic velocity widths (deconvolved for the instru- 
mental resolution) of the forbidden and Balmer lines to- 
gether to_aid_^n_^he detection and deblending of weak 
lines (jTremonti et al.l 120041 ). On the second iteration 

-'^ http://www-astro.physics.ox.ac.uk/~mxc/idl 
^^ http://www.strw.leidenuniv.nl/sauron 
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Fig. 3. — Demonstration of our stellar continuum and emission- 
line fitting technique applied to the circumnuclear spectrum of 
NGC 0024. In the top panel we plot the observed spectrum {grey) 
and the best-fitting continuum model (black), where the limits of 
the plot have been chosen to emphasize the stellar continuum over 
the emission lines. For reference, the best-fitting continuum spec- 
trum at this spatial scale of NGC 0024 has Z = 0.02, a luminosity- 
weighted age of ^ 10 Gyr, and E{B — V) = 0.048 mag of dust 
reddening, although as we emphasize in i|2.2.2l these physical quan- 
tities should not be overinterpreted. In the lower portion of the top 
panel we plot the residual (continuum-subtracted) spectrum (grey, 
centered around zero flux) and the best-fitting emission-line spec- 
trum (dark red). The bottom three panels show zoomed-in portions 
of the data and best-fitting model centered around [O ll] A3727, 
H,9 and [O III] AA4959, 5007, and Ho, [N ii] AA6548,6584, and 
[S ll] AA67f6, 673f, from left to right. The amount of stellar ab- 
sorption underlying the H/3 emission line highlights the importance 
of proper continuum subtraction when studying the integrated 
emission-line properties of galaxies. 

we relax most of the constraints on the hne-profiles and 
use the best-fitting parameters from the first iteration 
as initial guesses. This second step is necessary for 
two reasons: first, our knowledge of the wavelength- 
dependent instrumental resolution is imperfect, which 
the code can compensate for by allowing the velocity 
widths of the emission lines to vary with wavelength; and 
second [O ii] A3727 is, in fact, a doublet which is better 
represented at the spectral resolution of our data as a 
single, slightly broader Gaussian line than two closely- 
spaced Gaussian line-profiles. Note that even on the 
second iteration, however, we (separately) constrain the 
redshifts and velocity widths of the [O in], [N ii], and 
[S ii] doublets to have the same values. 

For a handful of AGN in our sample we had to in- 
clude a second, broad component for the Ha, H/3, and 
H7 Balmer lines in order to obtain a satisfactory fit to 
the observed line-profiles. Specifically, our nuclear spec- 
tra of the following objects required both broad and nar- 
row Balmer lines: NGC 1566, NGC 3031, NGC 4579, 
NGC 4594, and NGC 5033. The emission-line contri- 
bution from the broad-line region obviously depends on 
the enclosed light-fraction of the spectrum. Therefore, 
for our circumnuclear spectrum of NGC 4594 we did not 
need to include broad Balmer lines. Finally, among our 
radial-strip spectra the only galaxy that required broad 
Balmer emission lines was NGC 1566. 

Figure [3] shows an example of our stellar continuum 
and emission-line fitting technique applied to the cir- 



cumnuclear spectrum of NGC 0024, which is typical in 
terms of S/N. Our best-fitting absorption- and emission- 
model for the central region of NGC 0024 is clearly a 
good representation of the data, and this result is typi- 
cal (see Appendix \^ . In the lower-middle panel of Fig- 
ure [3] we focus on the wavelengths around H/3 and the 
[O hi] doublet to highlight the amount of stellar absorp- 
tion affecting the H/3 emission line. In this example the 
amount of H/3 absorption is ~ 2.9 A, a considerable frac- 
tion of the absorption-corrected emission-line equivalent 
width, ~ 3.5 A, which emphasizes the importance of sub- 
tracting the underlying stellar continuum when study- 
ing the integrated emission lines of galaxies. For refer- 
ence, the mean H/3 stellar absorption for the full sam- 
ple is 2.5 ± 1 A, slightly larger tha n the amount of ab- 
sorption found by previous studies (jMcCall et al.l 119851 : 
iKobulnickv fc Phillipsll2003() , presumably because of the 
lower instrumental resolution of our spectra. 

Tables [3] and |4] list the fluxes and rest- frame equivalent 
widths (EWs) of the emission lines with significant de- 
tections measured from our nuclear, circumnuclear, and 
radial-strip spectra. We construct the EW of each line 
by dividing the integrat ed flux in each line by the mean 
surrounding continuum (jMoustakas fc Kennicu tt 2006a) . 
For the broad-line AGN identifled above these tables only 
give the fiux and EW of the narrow-line component of 
the Balmer lines. For the detection of a line to be con- 
sidered significant we require the amplitude of the best- 
fitting Gaussian model to be > 3(Tc above the residual 
(continuum-subtracted) spectrum, where Cc is the stan- 
dard deviation of the residual spectrum near the line. 
We further recommend that for most applications a min- 
imum signal-to-noise (S/N) ratio cut S/N > 2 be applied 
to the fluxes and EWs given in Tables [3] and U) 

2.3. Ancillary H II-Region Spectroscopy 

We supplement our integrated and nuclear optical 
spectra with previously published optical line-ratios of 
561 H II regions in 38 of the SINGS galaxies (see Ap- 
pendix IbJ. These data are complementary in several 
respects. First, as discussed in ij2.2.11 we were un- 
able to obtain an integrated optical spectrum of most 
of the faint, low-surface brightness dwarfs in SINGS, 
which a re among the most metal-poor galaxies in the 
sample (jKennicutt et al.]|2003al: IWalter et al.ll2007[ ). For- 
tunately, previously published optical spectroscopy of 
least one H ii region in most of these objects exists, 
enabling us to estimate their gas-phase oxygen abun- 
dances self-consistently with respect to the rest of the 
sample (see ii4.3l) . Second, unlike an integrated opti- 
cal spectrum of a galaxy, the spectrum of an individual 
H II region typically exhibits a much simpler underly- 
ing stellar continuum, mitigating continuum-subtraction 
errors and enabling faint lines to be detected and mea- 
sured. In addition, each integrated spectrum is a surface- 
brightness weighted average of all the H ii-regions con- 
tained within the spectroscopic aperture, and likely in- 
cludes contributions from diffuse- and shock-ionized gas 
emission J Kcnnicutj Il992bl: iLehnert fc HeckmanI 119941: 
iDopita et al- ,2006bft ■ although we do not expect these 
effects to be a significant sotirce of bias in our abundance 
estimates (Kobulnickv ct al."1999|; iPilvugin et al.|[2"004al : 
.Moustakas fc Kennicutt i2006b) . Finally, the emission- 
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line spectrum of an H ii-region is impervious to AGN 
contamination, which can be a significant source of sys- 
tematic error when deriving oxygen abundances from the 
strong nebular lines (see Q. On the other hand, our 
database of H ii-region line-ratios constitutes an het- 
erogeneous compilation of data from the literature. Al- 
though we have made every effort to select only high- 
fidelity observations, the data are not of uniform quality 
for all galaxies, a point that should be kept in mind in 
the subsequent analysis. Appendix [B] contains details 
regarding how the emission-line database was built and 
tabulates the properties of each H ii region used in the 
subsequent analysis. 

3. OPTICAL SPECTRAL CLASSIFICATIONS 

Neglecting the AGN contribution to the optical 
emission-line spectrum of a galaxy can lead to catas- 
trophic errors in the derived oxygen abundances, par- 
ticularly those that re ly on the [O iii]/H/3 ratio 
(jKewlev fc EllisonI l2008f ). Therefore, we classify the 
SINGS galaxies into three broad categories: AGN, 
star-forming (SF) galaxies, and composite systems, or 
SF/AGN, as defined below; further sepa rating the AGN 
into Seyferts (I Sevfcrt 1943) and LINERs ( HeckmanlfTOSOl : 
iKewlev et al.|[2006i : iHqi2008i) is beyond the scope of this 
paper. A detailed investigation of the nuclear properties 
of the SINGS galaxies using both optical and infra red di- 
agnos tic diagrams has also been performed by Dale et al.l 

pood ). 

Clearly, the degree to which the observed emission-line 
spectrum is 'contaminated' by an AGN depends both on 
the level of AGN activity, and on the area (e.g., in kpc^) 
subtended by the spectroscopic aperture. For example, 
a galaxy with an AGN-like nuclear spectrum may have a 
circumnuclear or radial strip spectrum that is dominated 
by the integrated emission from star-forming regions in 
the disk. In these objects, we can use the circumnuclear 
and radial-strip spectra to obtain a reliable estimate of 
the oxygen abundance, but not the nuclear spectrum. 
Consequently, we classify each object in SINGS using 
all three of our nuclear, circumnuclear, and radial strip 
spectra, where available. 

In Figure S] we plot the [N ii] A6584/Ha ver- 
sus [ O III] A5007/H/? emission-line d iagnosti c dia - 
gram ([Baldwin et al.lll981l : IVeilleux fc Oste rbrock .l987[ ). 
which has been shown to be a sensitive diagnostic of AGN 
actiy i tv (IKewlev et all I200a I2001bl: IKauffmann et al.l 
120031: IStasinskaet al.l 120061 ). We plot hne-ratios mea- 
sured from our nuclear, circumnuclear, and radial strip 
spectra as green triangles, orange points, and blue 
squares, respectively. In order to be included in this di- 
agram all four emission lines must have S/N > 2 (see 
ij2.2.2[) . The contoured greyscale shows for compari- 
son the distribution of SPS S emission- lin e galaxi es in 
this diagramP^ We us e the IKewlev et al.l ()2001al) and 
IKauffmann et al] ()2003[ ) classification curves to separate 
the SINGS galaxies into SF, AGN, and SF/AGN: we clas- 
sify galaxies above and to the right of the Kewley et al. 
curve as AGN; galaxies below and to the left of the Kauff- 
mann et al. curve as SF; and objects between the two 

^® The emis sion-line measurements for the SDSS sample de- 
scribed in i |2.1l wcrc taken from the publically available MPA/JHU 
database (http://www.mpa-garching.mpg.de/SDSS/DR7 ). 
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Fig. 4. — Emission-line diagnostic diagram used to separate star- 
forming (SF) galaxies from active galactic nuclei (AGN). We plot 
line-ratios based on our nuclear, circumnuclear, and radial-strip 
spectra using green triangles, orange points, and blue squares, re- 
spectively. The contoured greyscale shows for comparison the dis- 
tribution of SDSS emission-line galaxies in this diagram. The solid 
and dashed lines are the empirical and theoret ical boundar i es be- 
twe en SF galaxies and A GN defined by i Kauffmann et al] 1)20031 ) 
and IKewlev et aLl l l2001al ). respectively. We identify objects posi- 
tioned above and to the right of the Kewley et al. curve as AGN, 
objects located below and to the left of the Kauffmann et al. curve 
as SF, and objects lying between the two curves as composite sys- 
tems, or SF/AGN. 

curves as SF/AGN. 

For some objects either H/3 or [O in] were not detected; 
however, we can still use the [N ii]/Ha ratio to discrimi- 
nate between star-forming galaxies and AGN because the 
star-forming galaxy sequence asymptotes to a roughly 
constant [N ii]/ Ha ratio as the [O iii]/II/3 ratio dimin- 
ishes (see Fig.Hl JKauffmann et al.L2003 ). Examining Fig- 
ureJH for these objects we adopt log ([N ii]/Hq) = —0.25 
as the boundary between AGN and star-forming galax- 
ies. 

Table |5| summarizes the results of classifying the 
SINGS galaxies using our optical spectra. A question 
mark in any of these columns indicates that we failed to 
detect one or more of the requisite emission lines. As 
a consistency check we also classified our sam ple using 
the nuclear emission-line fluxes published by iHo et aLl 
([T99_7i), which are available for nearly half (35/75) the 
SINGS sample. We find that our nuclear classifications 
generally agree ver y well with the classifications derived 
using the lHo et al.l (|1997l ) line-ratios. 

For many applications it is useful to have a single spec- 
tral class for each galaxy, which we provide in the last 
column of Table |5l This final classification was generally 
adopted from our nuclear spectrum; therefore, the final 
classification tends to favor AGN. However, we empha- 
size that for many objects the AGN contributes negligi- 
bly to the central or integrated spectrum of the galaxy, 
as traced by our circumnuclear and radial-strip spectra, 
respectively. 
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Fig. 5. — Fraction of galaxies classified as SF {filled blue points), 
AGN {open black squares), and SF/AGN {filled red triangles) as a 
function of the i?-band light-fraction. At fixed hght fraction the 
symbols have been offset slightly from one another for clarity. The 
asymmetric la error bars are based on the number of galaxies in 
each bin based on the formulae in Gchrcls (1986). We find a posi- 
tive (negative) correlation between the fraction of objects classified 
as SF (AGN) with increasing light fraction, while the proportion of 
objects classified as SF/AGN stays roughly constant. We caution 
against over-interpreting these results, however, because they are 
sensitive to sample selection effects and incompleteness in the spec- 
tral classifications (e.g., missing classifications duo to undetected 
emission lines.). 

We illustrate this last point explicitly in Figure [SI 
where we plot the proportion of galaxies classified as SF, 
AGN, and S F/AGN as a function of the B-band hght 
fraction (see §2.2. 1|) . We find the anticipated trend that 
the fraction of galaxies classified as SF increases with 
enclosed light fraction at the expense of the proportion 
of objects classified as AGN, while the fraction of galax- 
ies classified as SF/AGN remains roughly constant at 
^ 15%. However, we note that these results are sensitive 
to incompleteness in our spectral classifications (e.g., due 
to undetected emission lines), and to sample selection ef- 
fects (e.g., SINGS inten tionally excluded powerful AGN; 
iKennicutt et al.|[2003aD . These various effects should be 
considered carefully depending on the specific applica- 
tion of the derived optical classifications. 

4. OXYGEN ABUNDANCE ANALYSIS 

Our objective in this section is to derive the gas-phase 
metallicities of all 75 SINGS galaxies. There are two 
broad issues to consider. First, given an optical spec- 
trum, the observed emission-line ratios must be con- 
verted into an estimate of the gas-phase metallicity, a 
procedure that is subject to both random and system- 
atic uncertainties. Second, for each galaxy we often have 
multiple oxygen abundance estimates sampling a wide 
range of spatial scales; these various measurements must 
be combined in a sensible way to ensure a consistent set 
of metallicities for the full sample. 

We address the first question in i i4.1[ where we dis- 
cuss the general methodology of deriving the gas-phase 
metallicity of a star-forming galaxy or H II region from 
its observed emission-line spectrum. As numerous stud- 



ies have pointed out (jKewlev fc Ellisonl 120081 and refer- 
ences therein), there exist large (0.1 — 0.7 dex) system- 
atic discrepancies among existing empirical and theoret- 
ical methods of estimating oxygen abundances. Conse- 
quently, the absolute uncertainty in the nebular abun- 
dance scale is a factor of ^ 5. To explore this issue, we 
therefore compute oxygen abundances using two different 
methods. In i )4.2l and ii4.3l we apply these two methods 
to derive oxygen abundances from our nuclear, circum- 
nuclear, and radial-strip spectra, and from our ancillary 
H II- region spectroscopy, respectively. We combine all 
the available abundance measurements for each galaxy 
in H4.4I based on the estimated fraction of the integrated 
optical light enclosed by each spectroscopic aperture, re- 
sulting in an estimate of the central and characteristic, 
or globally-averaged metallicity of each galaxy. 

4.1. Strong- Line Abundance Calibration 

The most direct, physically motivated method of de- 
riving the oxygen abundance of an H ii region or star- 
forming galaxy is to measure the electron tempera- 
ture (Te) of the ionized gas using the intensity (rela- 
tive to a hydrogen recombination line) of one or more 
temperature-sensitive auroral line such as [O ill] A4363, 
[N III A5755, [S ml A 6 312, and [0 ii] A7325 (iDinersteml 
flQQOt ISkillmanI [ToM IGarnettI [2002al: IStasihskal 12001 7 
This technique is frequently referred to as the direct, 
or Tg, method of deriving abundances. Unfortunately, 
the requisite lines are intrinsically faint, particularly 
in metal-rich galaxies and star-forming regions, and 
in general are not detected in our spectra. There- 
fore, we must rely on a so-called strong-line abun- 
dance calibration to estimate the metallicity of the 
ionized gas. Strong-line abundance calibrations essen- 
tially relate the oxygen abundance to one or more line- 
ratios involving the strongest recombination and col- 
hsionally excited (forbidden) hues (e.g., [O ii] A3727, 
Ha, H^, [O III] AA4959, 5007, [N ii] AA6548, 6584, and 
[S ii] AA6716, 6731). Although strong-line methods are 
indirect and often model-dependent, they are important 
because they can be used to infer the physical condi- 
tions in star-for ming galaxies across a significant fraction 
of co smic time ()Kennicuttl [19981: iPettinii l200l iDe Lucial 
|2009( ): moreover, the direct method is not without its 
own limitations, as we discuss in fJSJ 

Over the last three decades numerous strong-line cal- 
ibrations have been developed, but in general they fall 
into one of three categories: semi-empirical, empiri- 
cal, and theoretical. The older, semi- empirical calibra- 
tions were generally tied to electron temperature abun- 
dance measurements at low metallicity and photoioniza_ 
tion models at hi gh metallicity (e.g. , Alloin et al. 197'_ 
'Pagelet al."1979; Edmunds & Pagel 198 4yMcCan et al 
11985- .Dopita fc Evans.1986; .SkiUman .19891 ). These hy- 
brid calibrations were born from the observational dif- 
ficulty of measuring the electron temperature of metal- 
rich H II regions, which remains chal lenging even with 
6 — 10-meter class tele scopes ( e.g., 'Castellanos et aLl 
20021: IKennicutt et all l2003bl : iGarn ett et al. 2004. 



Bresolin et all 12004 I2005L but see TKinkel fcRosal 119941 
for a heroic early effort). By contrast, the more re- 
cent empirical methods are calibrated against high- 
quality observations of individual H ii regions wit h mea- 
sured direct (i.e., Tg-based) oxygen abundances (|Pilvuginl 
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2OOOI [2OOII: iDenicolo et all [20021: [Pettini fc Page! [2004 : 



Pilvugin fc Thuanl 120051: iPerez-Montero fc Diad 



2005 



Nagao et all 12 006*: 'St asinskal 120061 lYin et all 12007 : 
Peimbert et al. 2007) El| One of the limitations of the em 



pirical calibrations, especially in the metal-rich regime, 
is that they are based on observations of relatively small 
samples of high-excitation H 11 regions, whereas most 
integrated spectra of galaxies exhibit softer ionizing ra- 
diation fields (see ij5]). Finally, the class of theoreti- 
cal abundance calibrations are based on ab initio pho- 
toionization model calculations, in which various nebu- 
lar emission-line ratios are tracked as a func tion of the 
input metallicity and ion i zation parameter (iMcGaugh 
19911: iDopita et alJ 120001 l2006al: iCharlot fc Longhetti 



2001 



: IKewlev fc Dopitall2002n r'^l 



Among published strong-line calibrations there ex- 
ist large, poorly understood systematic discrepan- 
cies, in the sense that empirical calibrations gen- 
erally yield oxygen abundances that are factors of 
1.5 — 5 lower th an abundances deriv ed usi ng theoret- 
ical ca li brations (iKennicutt et al.1 120 03b: Gar nett et al.l 
2p04b" 'Brcsolin et al." '2004", '2005; Shi ct al.' '2006| 
^gao ot al. 2006; Liang et al. 2006; Yin et al. 2007 



gin of this systematic discrepancy remains unresolved. 
Therefore, we have chosen to compute the oxygen abun- 
dances of the SINGS galaxies using two different strong- 
line caJiteaH£ns;__yi£_Jheoretical calibration published 
by iKobulnickv fc KewlevI (l2004| herea fter KK04), and 
the empirical iPilvugin fc Thuanl ()2005l hereafter PT05) 
calibration. Our goal is not to conduct a detailed in- 
tercomparison of all th e available calibrations (see, e.g., 
iKewlev fc Ellisonll2008() , but instead to bracket the range 
of oxygen abundances one would derive using existing 
strong-line calibrations. We discuss the various strengths 
and limitations of the abundances derived using these 
two calibrations in ij5] 

The KK04 and PT05 calibrations we have chosen 
both rely on the metallicity-sensitive R23 parameter 
(jPagel et al.l[l979h : 



R23 = 



_ [O II] A3727 + [O III] AA4959, 5007 



H^ A4861 



(1) 



The principal advantage of R23 as an oxygen abun- 
dance diagnostic is that it is directly proportional to 
both principal ionization states of oxygen, unlike other 
diagnostics that have a second-order dependence on 
the abundance of other elements like nitrogen and sul- 
fur. Moreover, because R23 depends on blue rest- 
wavelength lines, it can be used to study the chemical 
history of star-for ming galaxies over a significant frac- 
tion of cosmic ti me (Pettini et al. 2001: Kobul nicky et al.l 
20031 IKobulnickv fc Kewlev 2004: Savaglio et al.l 120051: 
Maiolino et al.ll2008l: J. Moustakas et al., in prep.). The 
disadvantages of R23 are that it is sensitive to AGN con- 
tamination, and it must be corrected for stellar absorp- 

^^ Strictly sp e aking , the 'empirical' calibration s presented by 
IPettini fc FageH | [200l) and IDenicolo erall 1 12003) do include a 
handful of metal-rich H II regions whose abundances were derived 
using photoionization models. 

^* Confusingly, some of these theoretical calibrations are 
occ asionall y refered to as 'semi-empirical' calibrations (e.g., 
FRennicutt fc Garnettlll996l : ICroxall et alll2009l) . 



tion and dust attenuation (but see lKobulnickv fc PhillipsI 
l2003t J. Moustakas et al., in prep.). An additional com- 
plication is that the relation between R23 and metallicity 
is famously double-valued (see, e.g.. Fig. [6]). Metal-rich 
objects lie on the upper R23 branch, while metal-poor 
galaxies and H 11 regions lie on the lower branch; the 
transition between the upper and lower R23 branches is 
called the turn-around region. The non-monotonic re- 
lation between R23 and 0/H arises because in metal- 
rich star-forming regions R23 decreases with increasing 
0/H as the far-IR fine-structure lines (predominantly 
[O III] A52 /im and [O in] A88 /^m) increasingly dom- 
inate the nebular cooling. At low metallicity, on the 
other hand, the optical transitions dominate the nebular 
cooling, and so R23 decreases in tandem with decreasing 
metallicity because its strength is directly proportional 
to the abundance of oxygen atoms. 
For the KK04 calibration, we have 



12 + log (0/H)io„or = 9.40 + 4.652: - 3.17a;2 

- log (q) (0.272 + 0.547a; - O.blSx^), (2) 



Kewlev fc Ellisonll2008t ) . Unfortunately, the physical ori- and 



12 + log(0/H)„p 



9.72 - 0.777a; - 0.951a;^ - 0.072a;^ 



- O.SUx* - log {q) (0.0737 - 0.0713a; - O.Mla;^ 
-f0.0373a;^-0.058a;^), (3) 

for galaxies on the lower and upper branch, respectively, 
where x = log(i?23)- The ionization parameter q in 
cm s~^ is given by 

log (g)= 32.81 -1.153y2 

+ z(-3.396 - 0.025J/ + O.UUy^) 
X [4.603- 0.3119?/ -0.163y2 
+ z(-0.48 + 0.0271y + 0m037y'^)]-\ (4) 
where z = 12 + log (0/H), y = log (O32), and 



O: 



32 



_ [O III] AA4959, 5007 
[O II] A3727 



(5) 



chara cterizes the hardness o f the ionizing radiation 
field (jKewlev fc Dopital 120021 ). Hereafter we will use 
the dimensionless ionization parameter U = q/c 
where c = 2.99 x 10^ ° cm s~^ is the speed-of-light 
(|Kewlev fc Dopital l2()02| )r'^ Note that equations ^-& 
must be solved iteratively for both the ionization param- 
eter and the oxygen abundance; convergence is typically 
achieved in a handful of iterations. 
For the PT05 calibration, we have 



12 + l0g(0/H)iowcr = 

R23 + 106.4 + 106.8P - 3.40P2 



(6) 



17.72 + 6.60P + 6.95P2 _ 0.302^23 ' 

^^ The ionization parameter also can be written as U oc 
(ncf'^Q)^'^, where n^ is the electron density, / is the volume filling 
factor, and Q is the rate of photoionizing photons injected into the 
gas by massive stars IShiclds 1990 ). 
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and 



12 + log(0/H)uppor = 

R23 + 726.1 + 842. 2P + 337.5P^ 
85.96 + 82.76P + 43.98P2 + 1.793i?23 ' 
for the lower and upper branch, respectively, where 



P = 



[O III] AA4959, 5007 



[O II] A3727 + [O III] AA4959, 5007 



(7) 



(8) 



is an excitation parameter ()Pilvuginll2001f) that is anal- 
ogous to equation (|4]) for the KK04 calibration. 

The KK0 4 cahbration is an upda ted parameteriza- 
tion of the iKewlev fc Dopital (|2002( ) P23 cahbration, 
which is based on the state-of-th e-art photoion i zation 
mo del calculation s carrie d out by iDopita et al.l (|2OOO0 
and iKcwlexeLaLI (|2001aD PI The PT05 calibration, by 
comparison, is based on an extensive compilation of H 11- 
regions from the literature with well-determined electron 
temperatures, and is a significant improvement over th e 
original calibrations presented in IPilvuginI (|2000l I2001D . 
Note, however, that due to a paucity of electron temper- 
ature measurements for low-excitation regions, the PT05 
calibration is only strictly applicable to star-forming re- 
gions with P > 0.4 (see ij5]). 

We selected these two particular calibrations for sev- 
eral reasons. First, as indicated above, they bracket the 
range of oxygen abundances one would derive using other 
strong-line calibrations, thereby serving as useful limit- 
ing cases. Second, they are relatively recent, and there- 
fore they utilize the best available observations, atomic 
data, and theoretical stellar atmospheres. Third, they 
are both two-parameter calibrations which a ccount for 
varia t ions in excitation at fixed metallicity (McGaugh' 
I199H iPilvu gin 2000, 2001). Finally, they provide sepa- 
rate calibrations for objects on the lower and upper P23 
branches, and therefore can be applied to a sample such 
as SINGS which spans a wide range of luminosity and 
gas-phase metallicity. We refer the interested reader to 
Percz-Montcro & Diaz (2005), Liang et al. (2006), and 
Kewley fc EllisonI |2008) for a detailed intercomparison 



of these and other popular strong-line calibrations. 

4.2. Nuclear, Circumnuclear, and Radial-Strip 
Abundances 

In this section we derive oxygen abundances for the 
SINGS galaxies from our nuclear, circumnuclear, and 
radial-strip spectra. In order for a spectrum to be in- 
cluded for chemical abundance analysis we require Ha, 
H/3, [O 11] A3727, and [O i ii] A50 07 to be measured with 
a minimum S/N > 2 (see ij2.2.2p . We also remove spec- 
tra dominated by the central AGN, but retain those 
classified as SF/AGN (see gS and Table EJ. A total 
of 42/65 galaxies (65%) satisfy these criteria, of which 
33/44 (79%) have at least two optical spectra. 

'^^ Note that we do not use the calib ration expHcitly recom- 
mended by iKobulnicky & Kcwl^ 120041 ). which they obtain by 
aver aging equ ations l[2)l and ^ with the corresponding equations 
from lMcGaughl 1 119911) . Although the differences between these two 
particular calibrations are not large (< 0.1 dex), we generally advo- 
cate using one calibration derived from the same set of observations 
or theoretical models. 



Following standard practice we correct the emission- 
line fluxes for dust reddening using the observed B aimer 
decrement, (Ha/H/?)obs assuming an intrinsic case B re- 
combination value of (Ha/II/3)int — 2.86^q|^^, where 
the uncertainty reflects the variation in (Ha/H/3)int, 
with electron temp erature (jStorev fc Hummerl 119951 : 
lOsterbrock fc Ferland 200 6]) . Assumi ng a foreground 
dust screen and the lO'Donnelll ()1994D Milky Way ex- 
tinction curve, the reddening is given b y E(B — V) = 
2.184 X login f(HQ/H/3 )nhJ(Ha/H/3)int,] (ICalzettil [200l 
iMoustakas et al.l 12006(1 . Table [6] lists the observed 
Ha/H/3 ratios and corresponding E{B — V) values in- 
ferred from our nuclear, circumnuclear, and radial-strip 
spectra. In some cases the measured Ha/H/? ratio was 
less than, but statistically consistent with, the adopted 
intrinsic ratio (within Ict). For these spectra we set 
E{B — V) equal to zero and propagate the statistical 
uncertainty in Ha/H/3 into the reddening error. 

Next, we use the reddening-corrected line- fluxes and 
equations ([T]), ([S]), and ^ to derive P23, O32, and 
P, respectively. Before computing oxygen abundances, 
however, every galaxy must be assigned to either the 
lower or upper branch of the KK04 and PT05 calibra- 
tion (see pTTjl . Following fContini et all ()2002t ). we as- 
sign galaxies to the lower branch if log([N 11] /Ha) < 
-1 and log([N ii]/[0 11]) < -1.05, while we identify 
upper-branch objects as having log([ N 11] /Ha) > — 1 
and l og([N 11] /[O 11]) > -0.8 (see also IKewlev fc EUisonI 
l2008f ). In some cases these criteria are either inconclu- 
sive or cannot be applied because of a poorly measured 
[N 11] line, in which case we use the optical luminosity to 
choose the most likely branch (see ij4.4p . 

Because the P23-O/H relation is double- valued, special 
care is required when computing the oxygen abundances 
of objects near the turn- around region, where the up- 
per and lower branches intercept. In particular, objects 
that are statistically consistent with being on either the 
upper branch or the lower branch must have correspond- 
ingly large abundance errors. In addition, measurement 
uncertainties or residual AGN contamination occasion- 
ally result in an i?23 parameter that is larger than ^ 10, 
the approxima te theoretical limit for p hotoionization by 
massive stars (jKewlev fc Dopital l2002f l. Although these 
objects formally lie "off" the P23 calibration, rather than 
rejecting them outright, which is typically what has been 
done in the literature, it is better to assess whether they 
are statistically consistent with being on the P23 calibra- 
tion under consideration. In Figure [6] we illustrate the 
quantitative procedure we have developed to compute 
P23-based oxygen abundances that addresses all these 
issues. Here, we focus on the KK04 calibration, but the 
same procedure applies to the PT05 calibration and, in- 
deed, to any P23-based abundance calibration. 

In the left panels of Figure |6| we plot P23 versus 
12 + log (0/H) for three hypothetical galaxies. The 
curves show the KK04 calibration for three representa- 
tive values of the ionization parameter, log ([/) — —3.77 
(solid), —2.87 dex (dotted), and —2.30 dex (dashed). In 
each panel the flUed red point corresponds to the oxygen 
abundance on the upper branch, while the filled blue tri- 
angle corresponds to the lower-branch solution (for the 
same object). In the top- left panel the upper- and lower- 
branch solutions are distinct and well-separated: once 
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Fig. 6. — Illustration of the methodology we use to derive oxygen 
abundances and ionization parameters. The algorithm uses the mea- 
sured errors on i?23 and O32 to derive a realistic abundance uncertainty 
for objects that arc near the turn-around region of the i?23-0/H rela- 
tion, and to ascertain quantitatively whether an object is formally "off" 
the i?23-0/H calibration. These particular examples use the KKQ4 cal- 
ibration, but the method can be applied to any i?23-bascd abundance 
calibration. Each row corresponds to a different hypothetical galaxy or 
H II region. In the left-hand panels we plot ^^23 vs. oxygen abundance 
for three representative ionization parameters, log (U) — —3.77 {solid), 
— 2.87 {dotted), and —2.30 (dashed). The red point and blue trian- 
gle in each panel shows the resulting metallicity assuming the object 
lies on the upper and lower R23 branch, respectively. [Note that this 
method does not decide whether an object is on the upper or lower 
branch; that choice is an input into this algorithm (see ii4.H .] The 
right-hand panels show, for each object, the Monte Carlo distribution 
of oxygen abundances corresponding to the solution on the upper {solid 
histogram) and lower branch {dashed histogram), based on the errors 
on the line-fluxes after 500 trials. ( Top) For this galaxy the upper and 
lower-branch solutions are distinct and well-separated. Assuming the 
object belongs on the upper branch, the final metallicity and error are 
given by the mean and standard deviation of the solid histogram, rep- 
resented by the green Gaussian profile in the top-right panel. {Middle) 
Here, the metallicity on the lower R23 branch is formally larger than 
the upper-branch metallicity, which is not physical. However, given the 
uncertainties on i?23 and O32, a subset of the possible abundance solu- 
tions have (0/H)uppcr > (0/H)iower5 shown as the shaded histogram 
in the middle-right panel. Consequently, we adopt the mean and stan- 
dard deviation of the distribution of abundances in the shaded overlap 
region as the final metallicity and uncertainty in this situation, illus- 
trated with the green Gaussian profile. {Bottom) The R23 parameter 
measured for this galaxy places it well outside the region of parame- 
ter space defined by the KK04 calibration: (0/H)uppcr ^ (0/H)iowcr; 
therefore, no estimate of the oxygen abundance or ionization parameter 
is possible for this object. 

the appropriate branch has been chosen (e.g., using the 
criteria described above), the corresponding metahicity 
foUows. The top-right panel shows the resuhing Monte 



Carlo distribution of 12 -flog (0/H) values corresponding 
to the solution on the upper {solid histogram) and lower 
branch {dashed histogram), assuming Gaussian errors on 
the [O ii], [O III], and H/3 hne- fluxes after 500 trials. As- 
suming that this object belongs on the upper branch, the 
Icr uncertainty on 12 -flog (0/H) is given by the width of 
the solid histogram; a Gaussian profile {green curve) of 
the appropriate width has been overplotted to guide the 
eye. The identical procedure leads to the uncertainty on 
the ionization parameter, \og{U). 

The middle panels in Figure |6] illustrate a more am- 
biguous, albeit frequently encountered situation. In this 
case the formal solution on the lower branch is larger 
than the solution on the upper branch (note that the 
blue triangle is now above the red circle) . In the middle- 
right panel the overlapping, shaded region corresponds to 
values of R23 and O32 that lie on the KK04 calibration, 
that is, where (0/H)upper > (0/H)iower- If the central 
values of the two distributions are within Ict of one an- 
other, as measured by the width of the shaded histogram 
{green Gaussian profile), we adopt the average of the two 
solutions as the oxygen abundance, and the width of the 
shaded histogram as the la uncertainty. We further char- 
acterize the i?23 branch as ambiguous. In practice, these 
types of objects all have KK04 abundances equal to the 
abundance around the turn-around region, w 8.5 dex; 
however, they also have large abundance errors, which 
reflects the R23 branch ambiguity. 

Finally, the bottom panels in Figure [6] illustrate a sit- 
uation in which no oxygen abundance measurement is 
possible using the KK04 calibration. Here, the upper- 
and lower-branch solutions are statistically inconsistent 
with one another, given the measurement uncertainties; 
therefore no solution exists, and these objects must be 
rejected. 

Applying the above procedure to the star-forming 
galaxies in our sample we derive R23 branches, ioniza- 
tion and excitation parameters, and gas-phase oxygen 
abundances, as well as robust uncertainties, using both 
the KK04 and PT05 calibrations. For reference, we are 
able to estimate oxygen abundances using the KK04 cal- 
ibration for all the star-forming SINGS galaxies, and 
for all but one object (the circumnuclear spectrum of 
NGC 5474) using the PT05 calibration. We list the re- 
sults in Table [7] and discuss them in ^4^ 



4.3. H II- Region Abundances 

In the previous section we derived oxygen abundances 
using our new nuclear and integrated optical spectra. 
Here, we analyze the abundances of the SINGS galax- 
ies using our H II- region database (see ij2.3p . In t j4.3.1l 
we use these data to constrain the form of the radial 
abundance gradient in 21 of the SINGS galaxies, and in 
§4.3.21 we compute the average oxygen abundances of all 
38 galaxies with observations of at least one H 11 region. 

4.3.1. Radial Gradients 

Building on L. H. AUer's pioneering study of H 11 re- 
gions in M 33 (|Alledll942f ). iSearld ([l971) was the first 
to suggest that disk galaxies might possess radial abun- 
dance gradients. Subsequent work confirmed his inter- 
pretation that the gas-phase metallicity of disk galax- 
ies, including the Milky Way, decreases fro m the cen- 
ter outward (e.g., .Webster fc Smith, 1983; .Shaver et al.l 
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Fig. 7. — Oxygen abundance vs. deprojected galactocentric radius for individual H II regions in 21 of the SINGS galaxies. The dark red 
squares and blue points correspond to oxygen abundances computed using the KK0 4 and PT05 calibration, respectively; open symbols 
without error bars represent H II regions with an ambiguous i?23 branch (see ^4.21 and Fig. ^. The solid and dashed lines show the 
best-fitting linear abundance gradients based on each calibration, and the light-red and light-blue shaded regions reflect the la range of 
gradients that are consistent with the observations. We provide the galaxy name and visual morphology of each object for reference in the 
lower-left corner of each panel. We find that the KK04 calibration yields abundances that are a factor of ~ 4 higher than those based on 
the PT05 calibration, and that the abundance gradients derived using the KK04 calibration are systematically steeper. 
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198 1 IGarnett fc Shieldsl UMA IVila-Costas fc Edmund^ 



1992 : iZaritskv et alj 



Garnett e t all 119971: 



1991 



Kennicutt fc Garne'ttI 119961: 
Ivan Zee e t all 119981: 'Dutil fc Roy* 
1999; Pil vugjn et alJ [20 04b: Ro solowskv fc Simon 2008; 
Rosales-Ortegal 120091 ) . Abundance gradient mea- 
surements are important because they provide cru- 
cial constraints on the (time-dependent) inside-out 
gas accretion and star-formation histories of galac- 
tic d is ks fe.g.. iMoUa et ap 119961 : iBoissier fc Prantzoi 
19991: iPra ntzos fc Boissier' '2000': Carigi et jJj 120051: 
Colavitti et al. 2009; Marcon-Uchida ct al. 2o!3)- 



An accurate measurement of the abundance gradient 
of a galaxy requires observations of a minimum num- 
ber of H II regions spanning a l arge enough fraction 
of the disk t o constrai n the slope (IZaritskv et al.l 119941 : 
iDutil fc Rovl [2001: Brcs olin et al.l l2009[). Among the 75 
SINGS galaxies, there are 21 disk galaxies with published 
spectroscopy for five or more H ii regions spanning at 
least 10% of the disk radius, P25 (see Table[T]). In Figure[7] 
we plot oxygen abundance versus normalized deprojected 
galactocentric radius, p/ P25, for all the star-forming re- 
gions in these objects. We derive oxygen abundances 
using both the KK04 {filled dark red squares) and PT05 
{filled dark blue points) abundance calibrations assuming 
the i?23 branches listed in Table [S] We plot H 11 regions 
with an ambiguous i?23 branch, according to the criteria 
defined in ^4.21 using open symbols without error bars; 
these regions are not used when fitting the abundance 
gradient. Finally, we add 0.05 dex in quadrature to the 
statistical abundance uncertainty of each H 11 region to 
ensure that the fit is not dominated by a small number of 
objects with the smallest statistical errors. We model the 
radial gradient in each galaxy, separately for the KK04 
and PT05 abundance calibration, using a weighted lin- 
ear least-squares fit, and plot the results using solid and 
dashed lines in Figure [71 respectively. The light-red and 
light-blue shaded regions refiect the \a range of linear 
gradients that are consistent with the observations, ac- 
counting for the covariance matrix of the best-fitting pa- 
rameters. We tabulate the derived abundance gradients 
and uncertainties in Table [S] and discuss the results be- 
low and in t j4.4l 

Figure [7| illustrates the well-known observation that 
disk galaxies exhibit a wide range of abundance gradient 
slopes. Using the KK04 calibration, the radial gradients 
in these objects range from —0.91 dex P2^ in the late- 
type disk galaxy NGC 3621, to —0.11 dex p^g^ in the 
SAab galaxy NGC 4736, with a mean slope of -0.42 ± 
0.19 dex P2^ . Using the PT05 calibration the abundance 
gradients are generally shallower, as we discuss below; 
the average slope is —0.33 ± 0.16 dex p^g^, ranging from 
-0.63 dex p25^ in NGC 5055, to -0.10 dex p^^ in the 
barred galaxy NGC 4559. These gradients imply a factor 
of ~ 1.7 — 4 decrease in the oxygen abundances of galax- 
ies from the center to the optical edge of the disk using 
the KK04 calibration, or a factor of ~ 1.5 — 3 using the 
PT05 calibration. Using the KK04-based abundances 
we find a weak correlation between abundance gradi- 
ent slope and Hubble type in the sense that early-type 
disk galaxies tend to exhibit shallower abundance gradi- 
ents, confirming previous studies that also relied on the- 
oretical strong-line calibrations (e.g.. lOev fc Kennicutt] 
ll993HZaritskv et al.lll994l: IGarnett et al.lll997l ). Bv con- 



trast, the PT05-based abundanc e gradients are i ndepen - 
dent of Hubble type (see also iPilvugin et al.l l2004bD . 
There is also no statistically significant correlation be- 
tween i?-luminosity and slope using either calibration, 
although a noisy, but significant correlation appears if 
the slope is expressed in physical units, i.e., dex kpc~^, 
owing to the tendency for luminous disk galaxies to b e 
larger (jGarnett et al.l(l997l:[Branton fc Moustakasll2009D . 
Finally, previous studies have suggested that barred 
galaxies exhibit shallower abundance gradients (e.g., 
[Vlla-Costas & Edmunds 1992; Dutil & Roy 1999), pre- 
sumably due t o enhanced mixing via bar-dr iven radial 
infiows of gas (jKormendv fc KennicuttI 12004 and refer- 
ences therein); unfortunately, there are too few galaxies 
in our sample to test this hypothesis. 






.,-fy^ 



Sab-Sb 1 
Sbc-Sc 
Sod-Sd» j E 




.9 9.0 9.1 9-S 
oe(0/H).,„ [KK04] 



-1.0 -0.5 0.0 

Gradient Slope (dex pj,' ) [KK04] 



Fig. 8. — Comparison of the {left) characteristic abundances 
and {right) abundance gradient slopes derived using the KK04 
and PT05 calibrations. Open (filled) symbols indicate barred (un- 
barred) galaxies, and the different symbols and colors correspond 
to the following range of morphological types: Sab-Sb {dark blue 
points); Sbc-Sc {tan squares); and Scd-Sd {dark red diamonds). We 
find tfiat the characteristic abundances derived using the KK04 cal- 
ibration are, on average, ~ 0.6 dex higher than those based on the 
PT05 calibration {dashed line), although the difference varies from 
0.55 — 0.65 dex from low to high metallicity. To first order, the 
abundance gradient slopes derived using either calibration are cor- 
related; however, to second order the KK04 calibration results in 
moderately steeper abundance gradients. NGC 3621, the galaxy 
with the most discrepant abundanc e grad ient, has been labeled in 
the right panel and is discussed in i|4.3.1l 



Perhaps the most striking result in Figure [7| is the con- 
siderable systematic offset between the two abundance 
scales: the oxygen abundances derived using the theo- 
retical KK04 calibration are, on average, a factor of ^ 4 
higher than those based on the empirical PT05 calibra- 
tion. We quantify this result in Figure [8|(Ze/t), where we 
compare the characteristic abundances of these galaxies 
derived using each calibration. The characteristic abun- 
dance is defined as the oxygen abundance at p = 0.4p25 
fZaritsky ct al. 1994; Garnett 2002b), which has been 
shown by iMoustakas fc KennicuttI (|2006bf ) to be sta- 
tistically consistent with the luminosity-weighted mean 
metallicity of the whole galaxy based on integrated spec- 
trosco py (s ee also 'Kobulnic kv et al.lll999l : IPilvugin et al.l 
I2004at [Resales- Ortega 2009). Open and filled symbols 
in this figure differentiate between barred and unbarred 
galaxies, respectively, and the symbols types correspond 
to different morphological classes: Sab-Sb {blue points); 
Sbc-Sc {pink squares); and Scd-Sd {tan diamonds). The 
characteristic abundances of these galaxies based on the 
KK04 calibration are 0.61 ± 0.06 dex higher than the 
corresponding metallicities derived using the PT05 call- 
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bration (dashed line). The residuals are also a weak lunc- 
tion of metallicity: below 12 + log (0/H)kko4 £ 8.95, the 
PT05 characteristic abundances are offset by ~ 0.55 dex 
from the KK04 abundances, while at higher metallicity 
the offset is slightly larger, r^ 0.65 dex. 

Returning to Figure [7l we find that despite the signifi- 
cant zeropoint offset in the two abundance scales, to first 
order the slope of the abu ndance gradients in these galax- 
ies are correlated (see alsolMoustakas fc: Kennicut3l2006bl 
and lRosales-Ortegal2009D . We quantify this result in Fig- 
ure^ (right), where we find a well-defined, albeit noisy 
correlation between the abundance gradient slopes de- 
rived using the PT05 and KK04 calibrations. The most 
significant outlier from the one-to-one relation (solid line) 
is NGC 3621: according to the KK04 calibration the 
abundance gradient slope is —0.91 ±0.10 dex p^g , con- 
siderably steeper than the slope derived using the PT05 
calibration, — 0.19±0.13 dex P2^ . We emphasize that the 
steep slope derived for NGC 3621 using the KK04 cali- 
bration is not being driven by either of the H ii regions 
at p/p25 ~ 0.65 (S3A1 and S3A2; see Appendix [Bjl : we 
obtain a slope that is within the statistical error whether 
or not these regions are included in the fit. 

To second order, however, the abundance gradi- 
ents derived using the KK04 calibration are systemat- 
ically steeper. Excluding the three galaxies with the 
least well-determined abundance gradients (NGC 2841, 
NGC 3521, and NGC 7331; see Table M and Fig. [H), 
the weighted mean difference in slope is 0.10 ± 
0.02 dex P2^. iBresolin et al.l (|2009|) report a simi- 
lar result for NGC 0300; they find that various theo- 
retical strong-line abundance diagnostics yield steeper 
abundance gradients than the gradient inferred from 
electron-temperature abundance estimates. Indeed, for 
NGC 5194 the abundance gradient slope we derive using 
the empirical PT05 calibration, —0.31 ± 0.06 dex P2^ , 
is statistically consistent with the slope derived by 
IBresolin et all (|2004| ). -0.28 ± 0.14 dex p^^, using a 
sample of 10 H ii regions with high-quality electron 
temperature measurements; by comparison, the theo- 
retical KK04 calibration yields a slope that is ^ 50% 
steeper, —0.50 ± 0.05 dex p^g^. In the context of galac- 
tic chemical evolution models (e .g., iPrantzos fc Boissied 
l2000HMarcon-Uchida et"aDl2010f ). the slope of the abun- 
dance gradient in a disk galaxy places tight constraints 
on its radially and time-dependent gas-accretion and 
star-formation history, making it important to deter- 
mine whether the steeper or shallower gradients pre- 
dicted by the KK04 or PT05 calibration, respectively, 
are more correct. On the other hand, the abundance dif- 
ferences at p25 due to the slightly different gradients are 
typically < 0.1 dex, negligible compared to the zeroth- 
order systematic difference in the two abundance scales, 
^ 0.6 dex. Nevertheless, these results emphasize the need 
for a resolution to the nebular abundance scale discrep- 
ancy (see iJH). 

The final point we raise regarding Figure [7] is the 
amount and possible physical origin of the dispersion in 
metallicity at fixed galactocentric radius. Relative to the 
KK04-based abundance gradients, the dispersion ranges 
from 0.03—0.11 dex, with a mean value of ±0.06 dex. The 
scatter around the best-fitting PT05-based abundance 
gradients is 0.05 — 0.18 dex, or ±0.10 dex, on average. It 



is interesting to determine why the dispersion in metal- 
licity when using the PT05 calibration is ^ 50% larger 
than when adopting the KK04 calibration. Correlating 
the abundance residuals against various properties of the 
H II regions, we find that the larger dispersion is being 
driven primarly by low-excitation (P < 0.2) H ii regions. 
As emphasized in HA.ll the paucity of low-excitation 
H II regions with electron temperature abundance mea- 
surements means that the PT05 calibration is not well- 
constrained in this regime (see also the discussion in ij5]); 
therefore, PT05-based abundances of low-excitation H ii 
regions may be susceptible to additional systematic er- 
rors (i.e., due to extrapolation). Consequently, in the 
subsequent discussion we focus exclusively on the dis- 
persion around the KK04-based abundance gradients. 

The dispersion we measure is comparable to or smaller 
than the scat ter reported by pre v ious studies, ±0.1 — 
0.2 dex (e.g. IMcCall et al.l [19851: IZaritskv et all [l99l 
Ivan Zee et al.lll998() . One reason we measure a smaller 
dispersion in metallicity at fixed galactocentric radius 
compared to these older studies, even though we are us- 
ing data compiled from the very same surveys, is be- 
cause the KK04 calibration accounts for variations in 
metallicity and ionization for a given emission-line spec- 
trum. Neglecting the tendency for metal-poor (i.e., 
outer) H ii regions to have harder ionizing radiation 
fields would introduce additional scatter due to the vari- 
ation i n physical conditions among different H II re- 
gions. iKennicutt fc Garnettl (|19 96') speculate that in 
MlOl the dispersion is metallicity may be due to large- 
scale deviations from azimuthal symmetry in the gas 
disk, perhaps due to tidal interactions with its nearby 
companions. One way to test this hypothesis is to 
build two-dimensional abundance maps of statistically 
significant samples of nearby galaxies, which has become 
possible recently with the la test generation of integral- 
field-unit spectrog raphs (e.g.. lRosales-Ortega et al.ll2010l : 
iBlanc et al.llMol) . 

4.3.2. Average H II-Region Oxygen Abundances 

In this section we consider all 38 SINGS galaxies 
with observations of one or more H ii regions (see Ap- 
pendix |B|, including the 21 objects studied in H4.3.11 
and compute the average H ii-region metallicity of each 
galaxy assuming the i?23 branches listed in Table |8| 
Specifically, we compute the average metallicity as the 
unweighted mean of all the individual H ii-region abun- 
dances in each object. To ensure a reliable estimate we 
exclude H ii regions with an ambiguous i?23 branch as- 
signment (see ij4.2p . as well as regions beyond the optical 
diameter of the galaxy (i.e., those with p/ p2f, > 1). Esti- 
mating the uncertainty in the average metallicity is not 
straightforward because galaxies exhibit genuine abun- 
dance inhomogeneities, although the amplitude of these 
variations are expected to be rela tively small in dwarf 
galaxies (e.g.. Ivan Zee et all l2006t ). Consequently, we 
compute the error in the average metallicity as the un- 
weighted standard deviation of the distribution of oxygen 
abundances, but require the resulting uncertainty to be 
greater than or equal to the mean statistical uncertainty 
of the individual measurements. This method ensures 
that we do not underestimate the metallicity error in 
galaxies with only a handful of H ii regions. We list 
the final average abundances and uncertainties for all 38 
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Fig. 9. — Comparison of the average H ll-region oxygen abun- 
dance vs. (left) the metaUicity at p = 0, and (right) the char- 
acteristic oxygen abundance (defined at p/p25 = 0.4) for the 21 
SINGS galaxies with measured radial gradients (see Fig. O. We 
plot abundances computed using the KK04 and PT05 calibration 
as dark red squares and blue points, respectively, and the solid line 
in each panel represents the line-of-equality. The lower panels show 
the abundance residuals without error bars for clarity, and give the 
mean and standard deviation of the residuals for both abundance 
calibrations. This comparison shows that the extrapolated central 
metaUicity is, on average, a factor of ~ 1.5 higher than the average 
H ll-region metaUicity in this sample, while the average and char- 
acteristic abundances are statistically consistent with one another 
with a 1(T scatter of < ±15% and no significant systematic offset. 
We conclude that the average H ll-region abundance is a reliable 
proxy for the characteristic metaUicity when the radial gradient 
cannot be constrained. 

galaxies in Table [S] 

In Figure |9] we compare the average abundances we 
derive against the (left) central (p = 0) and (right) char- 
acteristic {p/p25 = 0.4) oxygen abundances for the 2 1 
SINGS galaxies with measured radial gradients fi i4.3.ip . 
The dark red squares and blue points correspond to the 
KK04 and PT05 abundance calibration, respectively, and 
the solid line is the line-of-equality. The upper pan- 
els compare the abundances directly and include error 
bars, while the lower panels plot the residuals without 
error bars, for clarity. The mean and standard deviation 
of the residuals are given in the lower panels. We find 
that the central oxygen abundances in these galaxies are 
0.18 ± 0.09 dex, or a factor of 1.2 - 1.9 higher than the 
average metaUicity, while the characteristic and average 
oxygen abundances agree to within < ±15%) with no 
statistically significant systematic offset, independent of 
the adopted abundance calibration. This result indicates 
that, to first order, the average H ii-region metaUicity is 
a reliable surrogate for the characteristic abundance in 
galaxies where we are unable to constrain the form of the 
radial abundance gradient. 

4.4. Synthesis: Central and Characteristic Oxygen 
Abundances of the SINCS Calaxies 

In the previous two sections we derived several different 
estimates of the gas-phase oxygen abundances for each 
SINGS galaxy spanning a wide range of spatial scales 
(see Tables [7] and [U . For most applications, however, a 
single, characteristic oxygen abundance that is represen- 
tative of the whole galaxy may be desired; in other appli- 
cations, a nuclear or central metaUicity may be needed. 
The goal of this section, therefore, is to combine all the 



various abundance measurements to derive a uniform set 
of characteristic (i.e., globally averaged) and central oxy- 
gen abundances for the full sample. 

We begin our analysis with Figure [TU] by plotting all 
the oxygen abundances listed in Tables [7] and H] versus 
pIP2z- We plot abundances determined from our nu- 
clear, circumnuclear, and radial-strip spectra using dark 
blue crosses, magenta triangles, and orange diamonds, 
respectively. We derive an approximate p/ P25 value for 
each spectrum by computing the mean radius of the spec- 
troscopic aperture, p « ^An Aj_/2, where An and Aj^ is 
the diameter of the extraction aperture along and per- 
pendicular to the slit, respectively (see Table [2]). Our 
results are not sensitive to the details of this calculation, 
as our goal is simply to distinguish between, for example, 
a nuclear spectrum that encloses a small fraction of the 
light of the galaxy (e.g., p/pas « 0.02 for NGC 1482) and 
a radial-strip spectrum that extends over a much larger 
area relative to the size of the galaxy (e.g., p/ P2b ~ 0.52 
for NGC 1705). We plot the characteristic (p/p25 = 0.4) 
and central {p = 0) abundances determined from our 
radial metaUicity gradients (see ij4.3.1l) as green squares 
and light blue stars, respectively. Finally, we plot the 
average H 11- region abundances derived in §4.3.21 as dark 
red points at p/ P2b = 0.5. Note that we only plot the 
average H ii-region abundances of objects without mea- 
sured radial gradients so that the same H 11 regions are 
not counted twice. 

Next, we divide Figure [TOl into central and character- 
istic metaUicity regimes at p/ P25 = 0.1 {vertical dashed 
line). For each galaxy, we define the central abundance 
as the weighted average of all the available abundances 
at p/ p2b < 0.1; similarly, we define the characteristic 
metaUicity of each galaxy as the weighted average of all 
the abundances at p/p25 > 0.1. Although this division is 
somewhat arbitrary, once again our goal is to ensure that 
we are not averaging metallicities originating from widely 
disparate parts of the galaxy. Note that by using the 
weighted average we tend to favor metallicities derived 
from the H II regions, which typically have smaller uncer- 
tainties than the metallicities derived from our nuclear 
and integrated spectra. Occasionally the average cen- 
tral metaUicity is formally lower than the characteristic 
metaUicity, although the difference is never statistically 
significant (i.e., never > la). In other cases, either the 
central or characteristic metaUicity carries a considerably 
larger uncertainty because it is based on a single abun- 
dance estimate. For these objects we adopt the weighted 
average of all the available metallicities at < p/p25 < 1 
as indicative of both the central and characteristic abun- 
dance. We list the final set of oxygen abundances, using 
both the KK04 and PT05 abundance calibrations, in Ta- 
ble H 

Summarizing, Table [9] contains central and charac- 
teristic abundances for 55 galaxies, or ^ 73% of the 
SINGS sample. The characteristic abundances range 
from 12 + log (0/H)kko4 = 8.00 - 9.21 based on the 
KK04 calibration, or 12 + log (0/H)pto5 = 7.54 - 8.60 
using the PT05 calibration. Among the 20 objects with 
no metaUicity estimate, 16 (80%) are early-type, bulge- 
dominated galaxies lacking prominent emission lines in 
their integrated spectrum (e.g., NGC 0584, NGC 5866), 
or their optical emission-line spectrum is dominated by 
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the central AGN (e.g., NGC 1266, NGC 4579). Unfortu- 
nately, H II regions either are not present in these galax- 
ies, or have not been observed. The remaining four ob- 
jects are late- type galaxies (e.g., NGC 3938), including 
three dwarfs (M 81 Dw A, NGC 4236, and IC 4710), for 
which we were unable to obtain a useful optical spec- 
trum (see t j2.2.1l) . and for which no H ii regions have 
been observed in these objects based on our search of 
the literature (see Appendix IB)) . 

In an effort to make our compilation of oxygen abun- 
dances for the SINGS galaxies as comprehensive as possi- 
ble, we derive an approximate metallicity for the remain- 
ing 20 galaxies using the i3-band luminosity-metallicity 
{L — Z) relation. The statistical correlation between op- 
tical luminosity (or stellar mass) and gas-phas e metallic- 
ity ha s been known for several decades (e.g., ILee et ahl 
12006a'. and references therein), and provides a useful 
tool for deriving a rough estimate of the metallicities of 
the SINGS galaxies without spectroscopic abundances. 
We emphasize that the metallicities we derive using the 
L — Z relation may be susceptible to additional sys- 
tematic biases. In particular, the bulk of the objects 
without spectroscopic abundances are early-type galaxies 
which may not obey the same underlying L — Z relation 
defined by late-type galaxies. In fact, early-type disk 
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Fig. 10. — Oxygen abundance vs. normalized galactocentric ra- 
dius based on all the available data and the {top) KK04 and (bot- 
tom) PT05 abundance calibration. We plot abundances inferred 
from our nuclear, circumnuclear, and radial-strip spectra using 
dark blue crosses, magenta triangles, and orange diamonds, re- 
spectively, and the average, characteristic, and central H ll-region 
abundances as dark red points, green squares, and light blue stars, 
respectively. Note that we only plot the average H ll-reg ion ab un- 
dances of galaxies without measured radial gradients ( i|4.3.1l l so 
that the same H II regions are not counted twice. We estimate 
p/p25 for our nuclear, circumnuclear, and radial-strip spectra us- 
ing the effective radius of the spectroscopic aperture relative to p25, 
as described in i|4.4l By definition the characteristic abundances 
correspond to p/p25 = 0.4, and for simplicity we assign the average 
H ll-region abundances a relative radius of p/p25 = 0.5 (see Fig. U) 
right). Finally, we plot the central (p = 0) H ll-region abundances 
based on the measured abundance gradients at p/p25 = 0.003 so 
that they appear on this logarithmic plot. We derive the cen- 
tral abundance of each galaxy by averaging all the available abun- 
dances with p/p25 < 0.1, and the characteristic abundance of each 
galaxy as the weighted average of the individual metallicities with 
p/P25 > 0.1, as indicated by the vertical dashed line. 
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Fig. 11. — _B-band luminosity-metallicity relation using the final 
characteristic (left) KK04 and(right) PT05 oxygen abundances of 
the SINGS galaxies (see Table|9}. The symbols correspond to broad 
bins of morphological type: E-Sa (dark blue points), Sab-Sbc (tan 
squares), and Sc-Im (dark red diamonds). The solid lines indicate 
the linear ordinary least-squares bisector fits to each luminosity- 
metallicity relation, and the dotted lines correspond to the la scat- 
ter around the best fit, ±0.2 dex. In the left panel we label Ho IX, 
a tidal-dwarf galaxy in the M 81 group that is considerably more 
metal-rich than comparably luminous galaxies. 

galaxies exhibit shallower radial abundance gradients 
and higher overall metallicities than lat e-type galaxies 
( UJTH Garnctt & Shields 1987; Ocy & Kennicutdll993l: 
iZaritskv ct al, ,1994: .Dutil fc Rov. .19991 although the 
latter correlation is likely driven by the fact that early- 
type galaxies tend to be more luminous, and therefore 
more metal rich. On the other hand, we derive the B- 
band L — Z relation using all the galaxies in SINGS with 
spectroscopic abundances, including a number of early- 
type disk galaxies, which should mitigate some of these 
systematic effects. 

With these caveats in mind, in Figure [11] we plot the 
i?-band L — Z relation for the SINGS galaxies using 
the (left) KK04 and (right) PT05 abundance calibra- 
tions and the characteristic oxygen abundances listed 
in Table [9] The symbols correspond to three broad 
bins of morphological type: E-Sa (dark blue points), 
Sab-Sbc (tan squares), and Sc-Im (dark red diamonds). 
Ho IX, a metal-rich tidal- dwarf galaxy (Makarova ct al] 
120021: iCroxall et al.l |2009() . deviates significantly from 
the KK04-based luminosity-metallicity relation, and has 
been labeled in this figure. The solid lines show the linear 
ordinar y least-squares bi sector fits to each set of abun- 
dances (jlsobe et al.lll99Cil ). while the dotted lines in each 
panel indicate the Ict residual scatter in either i — Z re- 
lation, ±0.2 dex. Using these L — Z relations we estimate 
the oxygen abundances of all the SINGS galaxies and list 
the results in Table [9l 

The L ^ Z relations we obtain are: 



12-Mog(O/H)KK04 = (5.62±0.24)-F(-0.173±0.012)Mb 

(9) 
and 



12 + log(O/H)pT05 == (5.79±0.21)-F(-0.132±0.011)A/b 

(10) 
using the KK04 and PT05 abundance calibration, re- 
spectively. Comparing these results with previously de- 
termined i?-band L — Z relations is difficult because 
the slope and intercept are sensitive to sample selec- 
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tion effects (e.g., the distribution of absolute magni- 
tudes) and, obviously, the adopted abundan ce calibra- 
tion. For example, iTremonti et al.l ()2004D obtained 
a steeper L - Z relation, 12 -h log (0/H) = 5.24 - 
0.185Mb based on a large sample of SDSS galaxies 
with — 18 > Mb ^ —23 an d a theore t ical ab undance 
calibration. By comparison, iLee et all ()2006al) studied 
a sample of 25 nearby galaxies with —11 > Mb ^ 
— 18 and oxygen abundances derived using the direct 
method and obtained 12 + log (0/H) = 5.94 - 0. 128Mb. 
Other studies have obtained L — Z relation slopes rang- 



IM 



from -0.149 dex 



mag 



to -0.280 dex 



(iSkillmaii et all 11989 1: iHidalgo-Ga mez fc Olofssonl 



r uag 



Lee et al.ll2004l: iLam areillc et al. 20041: iSalzer et all 
van Zee fc Havnesri2006i : J. Moustakas et al., in prep.) 



1998 : 



20051: 



Given the impact of the assumed abundance calibra- 
tion and sample selection effects we conclude that equa- 
tions ([9]) and ([TOl) are both reasonable descriptions of the 
i?-band L — Z relation for the SINGS galaxies. 

5. DISCUSSION OF THE NEBULAR ABUNDANCE SCALE 

The factor of ~ 5 absolute uncertainty in the neb- 
ular abundance scale poses one of the most important 
outstanding problems in observational astrophysics. In 
this paper we have sidestepped this issue by computing 
the gas-phase metallicities of the SINGS galaxies using 
two independent strong-line calibrations: PT05, which 
was empirically calibrated against electron-temperature 
abundance measurements of individual H ii regions; and 
KK04, a purely theoretical calibration based on a large 
grid of state-of-the-art photoionization model calcula- 
tions (see i i4.1l) . We have seen that the KK04 calibra- 
tion yields abundances that are ~ 0.6 dex higher than 
metallicities derived using the PT05 calibration, based 
on the same input emission-line ratios. The question we 
explore in this section is: "Which set of oxygen abun- 
dances should one use?" 

As discussed in ij4.11 the absolute uncertainty in the 
nebular abundance scale is largely due to the systematic 
difference between abundances computed using empir- 
ical versus theore tical calibrations (see, e.g.. Fig. 2 in 
IKewlev fc Ellisoiil [20081 . Therefore, we begin our dis- 
cussion by exploring the various strengths and limita- 
tions of t he empirical an d theoretical strong-line meth- 
ods (see iStasihskal 120101 for a complementary discus- 
sion). Our principal conclusion is that the empirical cal- 
ibrations likely underestimate the 'true' metallicity by 
~ 0.2 — 0.3 dex, while the theoretical calibrations yield 
abundances that may be too high by the same amount; 
a compromise procedure, therefore, would be to aver- 
age the two abundance estimates presented in ^^iM and 
Table [HI We conclude with a brief discussion of other 
strong-line abundance calibrations. 

One indirect argument in favor of empirical abundance 
calibrations is that they generally yield abundances for 
L* (i.e., typical) galaxies that are more consistent with 
the oxygen abundance of the Su n, 12 -I- log (O/H)© = 
8.69 ±0.05 (|Asplundet al.l 120091 ). For example, lumi- 
nous, metal-rich galaxies on the empirical abundance 
scale have 12 -h log (0/H) « 8.5-8.9, or (0.7-1.6) x Zq, 
while the metallicities of the same galaxies using the the- 
oretical strong-line ca hbrations are 8.8 — 9.2 dex, or (1.3 — 
3.2) X Z^ (Fig. [TT) ITr emonti et al.' '2004'; 'Salze r et al.l 



sequently, on the empirical abundance scale L* galax- 
ies like the Milky Way have roughly solar metallicity, 
whereas theoretical abundance methods suggest that the 
overwhelming majority of star-forming galaxies in the 
local universe are more metal-rich than the Sun (see, 
e.g.. Fig. 4 in ITremonti et al.|[2004D F'1 Application of the 
Copernican principal suggests that the theoretical abun- 
dance scale is likely too high give n the currently accept ed 
solar oxygen abundance (but see ISerenelli et al.]|2009() . 

Another powerful way to test the absolute zeropoint 
in the nebular abundance scale is to compare the gas- 
phase oxygen abundances of H ii regions in the Milky 
way and other nearby galaxies against the stellar abun- 
dances of young 0-, B-, and A - type stars in the same 
galaxies. iBr esolin et al.l (|2009l ) performed this exper- 
iment by obtaining high-quality electron temperature 
measurements of 28 H ii regions in the nearby late- 
type galaxy NGC 0300. They compared the inferred 
gas-phase abundance gradient with the stellar gradi- 
ent derived f rom observation s of blue supcrgiants in the 
same galaxy (jUrbaneia et al.! 2005; Kudritzki ct al. 200g) 
and found excellent statistical agreement. Pilvugi n et al] 
(2006) reported a similar result for the Milky Way; they 
applied an empirical strong-line method (|Pilvuginll2005f) 
to observations of Galactic H ii regions and found excel- 
lent agree ment with the ste l lar ox ygen abundance gra- 
dient from iDaflon fc Cunhal (|2004| ) over a similar range 
of Galactocentric radii. By compariso n, three widely- 
used theoretical strong-line calibrations (iMcGaughll 19911 : 
IKewlev fc Dopitall2002t ITremonti et al.ll2004D applied to 
the H II regions in NGC 0300 yielded abundance gra- 
dients that were offset from the stellar gradient t oward 
higher metallicity by 0.3 — 0.5 dex (Bres ohn et al.l [2009). 

Despite these successes, direct and empirical abun- 
dance methods may systematically underestimate the 
oxygen abundances of star-forming regions, especially 
in the meta l- rich regime. For e xample, using the di- 
rect method lEsteban et al.l (|2004l ) measured the oxygen 
abundance of the Orion nebula to be 12 -I- log (0/H) = 
8.51 ± 0.03. However, this metallicity is ^ 0.2 — 0.3 dex 
lower than the oxygen abundances of B-type stars in the 
solar neighborhood a nd in the Orion nebula (i.e., young: 
stars within ^ 1 kpc: ICunha et al.ll2006l : iPrzvbilla et al.l 
120081 iSimon-DiaJ l2010t ). One way to (partially) re- 
solve this discrepancy would be if oxygen atoms are de- 
plete d by 0.1 —0.2 d ex onto dust grains (| JenkinsI 120041 : 
iCartledge et al.|[2006D . although presumably this correc- 
tion would affect the abundances derived from the theo- 
retical methods in the same way. Alternatively, if H ii re- 
gions exhibit significant spatial temperature fluctuations 
then the abundances derived from coUisionally excited 
li nes such [O in] A 4363 could be biased low. 

iPeimbertI (|1967f) was the first to point out that tem- 
perature inhomogeneities in H ii regions could cause the 
electron temperature inferred from the coUisionally ex- 
cited forbidden lines to be overestimated, and therefore 
the abundanc e to be underestimated (Stasihska 20051; 
lBresolinil2006[ ). He defined a quantity, t^, equal to the 
root-mean-square deviation of the temperature from the 
mean value. Temperature inhomogenieties are expected 

■^^ Note, however, that the metaUicitics derived from the SDSS 
3" diameter fi ber spectra m ay be too hig h by ~ 0.1 d ex due to 



l2005t iPilvuginet aL|[2007.: .Kcwlcv fc Ellison..200S ) . Gon- aperture bias ^Tremonti et al. 2004; Kewley et al.||2003) 
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to be more severe in metal-rich H ii regions because the 
higher efficiency of metal-hne coohng leads to strong tem- 
perature gradients as a fu nction o f distance from the ion- 
izing star or star cluster (jGarnet t 1992; Stasiiiska 2003, 
|2005[) . Typically, direct abundances, and the empirical 
methods that are calibrated against them, assume t^ = 0. 
Unfortunately, deriving t^ is very challenging observa- 
tionally; it has been measured in a relatively small num- 
ber of metal-rich [12 + log (0/H)t. > 8.11 Galactic and 
extragalactic H ii regions (|Garcia-Roias fc Estebanll2007l : 
lEsteban et al. 2009 , and references therein). Using the 
intensity of the faint, temperature-insensitive metal re- 
combination lines, the He I recombination line spectrum, 
and the electron temperature implied by the B aimer dis- 
continuity, these studies suggest i^ = 0.03 — 0.07 for 
metal-rich H ii regions, corresponding to an upward revi- 
sion of the abundances derived from empirical methods 
of .2 — 0.3 dex (the so-called abundance discrepancy fac - 
tor; IGarcia-Roias fc Esteba^l2007l: lEsteban etaLll2009n . 
Indeed, applying a correction for t^ ^ to the oxy- 
gen abundanc e of O rion implied by the direct method, 
lEsteban et all (pOOl obtain 12 -I- log (0/H) = 8.67 ± 
0.04, in much better agreement with the mean abun- 
dance of B-type stars in the same star-formin g region, 
12 + log (0/H) = 8.74 ± 0.04 (ISim6n-Diazll20Tol) . assum- 
ing that r^ 0.1 dex of oxygen atoms are locked in dust 
grains. 

These observations suggest that it might be possi- 
ble to develop an empirical strong-line calibration us- 
ing abundances measured from metal recombination 
lines, which are not susceptible to temperature fluctua- 
tions (Peimbert & Peimbert"2005' 'P eimbert era!] 120071: 
[Brcsolin 2007). Peimbert et al. (2007J) derive such a cal- 
ibration for i?23 using a small number (^ 20) of metal- 
rich, high-excitation emission-line galaxies and H ii re- 
gions. For a given value of R23, this calibration yields 
oxygen abundances that are ^ 0.25 dex, or a factor of 
~ 1.8 higher than the abundances implied by the di- 
rect and empirical methods assuming t^ = 0. How- 
ever, this calibration should be used with caution because 
it has been tested on a relatively small, biased (metal- 
rich, high-excitation) sample of Galactic and extragalac- 
tic H II regions. In addition, recent theoretical work sug- 
gests that abundances derived from recombinatio n lines 
may not be as unbiased as once believ ed dSt asihsk a et al.l 
120071 lErcolano et al.l [20071 : lErcolanol |2009( ) . Additional 
observations of the Balmer discontinuities and O II 
recombination-line intensities of H 11 regions spanning a 
wider range of metallicity and physical conditions would 
be of considerable value. 

As alluded to above, one of the principal limitations 
of the empirical strong-line abundance methods is 
that they are only strictly applicable to H 11 regions 
and star-forming galaxies spanning the same range of 
excitation and metallicity as the H 11 regions that were 
used to build the calibration. To illustrate this point, 
in Figure [12] we plot the (reddening-corrected) R23 
parameter versus excitation, P, for star-forming galaxies 
in the SDSS and a representative sample of metal-rich 
H II regions with well-measured elec t ron tempera- 
tures ( red squares : [Garnett et al.l 119971: Ivan Zee et al.l 
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Fig. 12. — Metallicity-sensitive R23 parameter vs. excitation, P, 
for star-forming galaxies in the SDSS {contoured grey scale) and a 
representative sample of metal-rich H II regions with well-measured 
electron temperatur es collected from the literature (red squares; 
IGarnett eraLl 119971; [ran Zee et al. 1998; Kennicutt et al. 2003^; 
I Kniazev et" ar 2004; "Bresolin et al. 2004, 2005; Izotov & Thua^ 
:2004 ;; "Izotov et al. 2006; Rosolowsky & Simon 2008). The symbol 
size for each H II region is proportional to its metallicity, ranging 
from 12 -I- log(0/H)T, = 8.21 (H143 in MlOl; Kennicutt ct al] 
I2003bl) to 8.94 dex (Hll in M83; .Bresolin et al.ii2005i) . This 
scatterplot demonstrates that the bulk of the galaxies in the 
SDSS are low-excitation, whereas most metal-rich H II regions 
with well-measured electron temperatures are high-excitation, 
which is a w ell-known observational bias (see also Fig. 12 in 
IPilvugin fc T huan 2005). The practical implication is that em- 
pirical abundance calibrations such as PT05 in general should not 
be applied to large emission-line galaxy surveys such as the SDSS 
because the calibrations would be extrapolated to a part of physical 
parameter space that is not well-constrained by current observa- 
tions. 
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llzotov et al.l [200I IRosolowskv fc SimonI [200l . The 
symbol size for each H 11 region is proportional to its oxy- 
gen abundance in the range 12-|-log(0/H)Te ~ 8.2 — 8.95 
assuming t^ = 0. Because all these objects are on the 
upper i?23 branch, P increases in tandem with nebular 
excitation, while a decrease in R23 corresponds to an 
increase in metallicity, as indicated by the arrows in 
Figure [12] This figure demonstrates that star-forming 
galaxies in the SDSS are lower-excitation and more 
metal-rich than the bulk of the H 11 regions with direct 
abundance estimates[3 Note that a similar conclusion 
would be reached if EW(H/3) had b een used as a m easure 
of excitation (see, e.g.. Fig. 5 in iBresohiil l2007t) : the 
median EW(H/3) value of the SDSS galaxies is ~ 6 A, 
nearly a factor of 15 smaller than the median EW(H/3) 
of the H II regions, ^ 85 A. The practical implication 
of this result is that empirical abundance calibrations 
such as PT05 should not in general be applied to large 
emission-line galaxy surveys such as the SDSS because 

■^^ As indicated in the previous footnote, at least some of the 
tendency for the SDSS galaxies to appear metal-rich and low- 
excitation may be due to aperture bias. 
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the calibrations would be extrapolated to a part of 
physical parameter space that is not well-constrained by 
current observations. 

Meanwhile, theoretical strong-line abundance calibra- 
tions have the advantage that they are based on models 
that, by construction, span a wide range of ionization pa- 
rameter (-3.5 < log(C/) < -1.9), metalhcity (0.0001 < 
Z < .05), and stel l ar effe c tive temperature (iMcGaughl 
19911: iDomta et al.l J2OOOI: iCharlot fc Longhettil [20011: 



Kewley et al. 2001a Mov et al. 2001; Dooita et al.' 
2006a; Martin-Manjon et al. 2010; Levesque et al. 2010). 
In these methods the UV (i.e., photoionizing) spec- 
tral energy distribution of a young star cluster is 
coupled to a phot oionization co de such as CLOUDY 
(iFerland et al.lll998[ ) or mappings (jSutherland fc Dopital 
119931 ) and the output emission-line spectrum is stud- 
ied as a function of input parameters. In recent years 
there have been significant improvements in the evo- 
lutionary tracks for young stars, including the effect s 
of mass loss and rotation (| Vazquez fc Leithereii 120051 ) . 
the calcula tion of non-LTE, line-blanket ed stellar at- 
mospheres (jSimon-Diaz fc Stasih ska"2008^. and the in- 
clusion of dust grains in the photoionizatio n models 
(|Shields fc KennicuttllTggaiGroves et al.ll2004D . Despite 
these impro vements, howev e r, som e problems persist. 
For example iLevesaue et al.l ()2010D find that the latest 
generation of photoionizing spectra are too soft to repro- 
duce the observed [S 11] /Ha ratios of nearby star-forming 
galaxies. Photoionization codes also have difficulty re- 
roducing the observed line-strengths of the au roral lines 
Stasihska fc SchaereHll999t iJamet et al.ll2005t ) , and pre- 
dict insi gnificant temperatu re fluctuations within H 11 
regions ( Baldwin et al.|[l99lD . in contradiction with the 
(albeit limited) observations. The theoretical methods 
also rely on a number of simplifying assumptions re- 
garding the electron density, volume filling factor, and 
nebular geometry (e.g., spherically symmetric, plane- 
parallel); the metal-abundance pattern, including the 
proportion of each metal depleted onto dust grains; the 
initial mass function, star- formation history (e.g., instan- 
taneous, continuous, stochastic), and age of the central 
cluster; and chemical evolution effects (e.g., the relation- 
ship between primary and secondary nitrogen), among 
others. In addition to the discrepancies alluded to above, 
a breakdown in one or more of these assumptions may be 
responsible for the seemingly "high" oxygen abundances 
predicted by theoretical strong-line calibrations. 

So what are the ways forward? From the observational 
standpoint, high-quality optical spectrophotometry of 
larger samples of H 11 regions in nearby galaxies is clearly 
warranted. These observations should span a wide wave- 
length range in order to include a large number of in- 
dependent electron temperature and density diagnostics, 
and should target H 11 regions s panning a wide range of 
metalhcity and exc i tation (e.g.,lKennicutt et al.|[2003bl: 
Bresolin et al."2005':'B? e_solinll2007l:lRosolowskv fc SimonI 
2008; Esteban et al. 200^7ln particular, a concerted ef- 
fort to measure the Balmer discontinuities and metal re- 
combination lines in metal-rich H 11 regions will elucidate 
the prevalence and relative importance of temperature- 
fluctuations, and will help constrain empirical strong- 
line calibrations in the metal-rich regime. Although 
these observations are extraordinarily challenging, they 
are possible with the latest generation of multi-object 



spectrographs on 8— and 10— meter class telescopes 
(e.g., Keck/DEiMOS, LBT/mods, VLT/xshooter, etc.). 
These observations also will help establish the radial and 
azimuthal dependence of abundances in nearby galax- 
ies; many existing observations are more than twenty- 
five years old, and for many systems dat a are available 
for onl y a handful of H 11 regions (Fig. [TJ iPilvugin et al.l 
l2004bl ). Finally, observations of the mid- and far- infrared 
metal cooling lines (e.g., [S in] A19 /.tm, [O ill] A52 ^m, 
[N III] A57 fiui, [O III] A88 fim, [N 11] A122 fim), 
which arc insensitive to variations in electron temper- 
ature, will be crucial in establishing the abundances of 
metal-rich H 11 regions (iMartin-Hernandez et al.l 120021: 
Garnett et all l2004al: iRudolph et al.l 120061: iRubin et all 
200^. Spectroscopy from 60 - 210 /xm with the PACS 



instrument on-board the Herschel Space Telesco pe (e.g., 
from the KINGFISH project; Poglitsch et al.^2008^ wfll ex- 
pand significantly the number of star-forming regions ob- 
served in the critical far-infrared wavelength regime. 

Improvements in the grid-based theoretical strong-line 
abundance calibrations are also warranted. In particu- 
lar, a systematic exploration of the input parameters and 
simp l ifying assumptions in t he models (e.g. . Jvloy et aL | 
mm IMathis fc Wood! [20051 lErcolanoltall l2007l 12011 



Levesque et al.ll2010|) mav elucidate the origin of the dis- 



crepancy betw een theoret i cal an d empirical abundances. 
For example, [Yin et afl (I2OO70 show that the differ- 
ence in the oxyg en abundances derived using the direct 
method and the Chario t fc Long hctti (2001*) pho toion- 
izatio n models (Brinchmann et al. 2004: Trcm onti et al.l 
120041) correlates strongly with the N/0 abundance ratio. 
Because nitrogen is both a primary and secondary nucle- 
osynthetic product, the N/0 ratio varies systematically 
with oxygen abundance, as well as the time since the 
most r ecent episode of star formation (Ed munds fc Pa^ dl 
19781: iContini et al.| 120021: ^ Mouhcinc fc Continil 12002 



Pilvugin et al.l l2003t llzotov et al.. .2006.) , a complexity 



that is not reflected in the grid-based theoretical cali- 
brations. Finally, we note that tailored photoionization 
models of individual H 11 regions frequently can be tuned 
to reprod uce most or all the observed emission- l ine ra- 
tios (e. g.. iCastellanos et al.ll2002t IGarnett et al.ll2004aL 
but see IJamet et al.ll2005D . This result again suggests 
the possibility of an as-yet unidentified shortcoming in 
the grid-based theoretical calibrations. 

Summarizing the preceding discussion, we find that 
empirical abundance calibrations may underestimate the 
oxygen abundances of H 11 regions and star-forming 
galaxies because of systematic biases (e.g., temperature 
fluctuations) in the Tg-based abundances that are used 
to calibrate the empirical methods. Empirical meth- 
ods also suffer from a shortage of metal-rich H 11 re- 
gions with measured electron temperatures, which means 
that the calibrations are being extrapolated to an uncon- 
strained region of parameter space when applied to large 
galaxy samples such as the SDSS. On the other hand, 
indirect evidence suggests that theoretical calibrations 
yield abundances that are too high, possibly due to one 
or more simplifying assumptions in the photoionization 
model grids. Therefore, until these issues are resolved, 
we recommend that any study utilizing the oxygen abun- 
dances provided in Table[n|be carried out either using the 
relative (KK04 or PT05) abundances of the sample, or 
using both the KK04 and PT05 abundances separately, to 
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ensure that the conclusions are not affected by the error 
in the absolute zeropoint of the nebular abundance scale. 
Alternatively, if a single set of oxygen abundances for 
the SINGS galaxies is required, a compromise procedure 
would be to average the KK04 and PT05 metallicities 
and conservatively adopt the difference in the two metal- 
licity estimates as the metallicity error for each galaxy. 

Although we have focused exclusively on the R23 pa- 
rameter to compute oxygen abundances, over the past 
three decades many other strong-line calibrations have 
been developed for estimating the abundances of H 11 
regions and star-forming galaxies. Among the most pop- 
ular diagnostics are those based on the [N 11] A6584 
emission line (e.g., |"N Il1/Ha, [N li]/|"0 li], and 



lOjii]/ 
1991 



N III: lAlloin et al.lll979|: iStorchi-Bergmann et al.l 



van Zee et all 119981 Kewlev fc Dopital 120021: 



Pettini fc Pagell 120041 : iLiang et al.l 120061 ) . ahhough 

calibrations based on an assortmen t of other for 

bidde i i lines have been proposed (iDopita fc Evaiis 



1986; 



Vilch ez fc EstebanI 119 961: 'Di az fc Perez-Monterc 



20001: IPere z-Montero & Diaz 2005; iNagao et al.l 120061: 
Stasihskal l2006t iWu et all l2008t lOkada et al.ll2008D . as 
well as techniques designe d to model all the emis- 
sion lines simultaneou s ly (iChar lot fc Longhettil 120011 : 
iBrinchmann et al.|[200l: iMaier et al...2006l ). "Most [N 11]- 
based calibrations have the advantage that, unlike R23, 
they vary monotonically with metallicity. On the other 
hand, for most galaxies [N 11] is usually weaker than 
[O 11], [O III], and li/3, and it is more sensitive to contri- 
butions from shock- ionized gas and a non-thermal (i.e., 
AGN) photoionizing continuum^ As discussed above, 
oxygen abundances inferred from [N ll] also depend im- 
plicitly on the recent star formation history of the galaxy, 
whic h may introduce non-negligible systematic errors 
(e.g.. lYin et al.l 120071 ). Nevertheless, because [N 11] is 
observable from the ground to z '^ 2, strong-line calibra- 
tions that rely on this line provide an important window 
into the gas-phase abunda i ices of high-redsh i ft galaxies 
jShaplev et al."2004", '2005; 'Mai er etal.1 120051 : lErb et al.l 
12006, 2010; Hainlinc et al. 2009). 

One final cautionary note is that both empirical and 
theoretical strong-line methods have been calibrated 
against observations of H 11 regions and star-forming 
galaxies in the nearby universe, and may not be ap- 
plicable at higher redshift where the physical condi- 
tions in galaxies may differ dramatic ally from phys- 
ical conditions in local ga laxies (Shaplev et al .| [20051: 
Liu et all 120081: Brinchman n et al.| [2008: Hainlin e et ail 



20091 : iLehnert et al.ii2009i) . Testing the validity of lo- 



cally calibrated abundance diagnostics in higher-redshift 
galaxies, therefore, will be an important objective of the 
first generation of highly multiplexed near-infrared spec- 
trographs and, eventually, with the NIRSpec instrument 
onboard the James Webb Space Telescope, through ob- 
servations of the full complement of rest-frame optical 
emission- line diagnostics at high redshift. 

6. SUMMARY 



^^ A notable exception is the abundance-sensitive [N 11] /[O 11] 
ratio, which is insensitive to variations in excitation because 
[N 11] and [O 11] have s imilar ionization potentials (Bresolin 2003; 
IKewlev & Ellisonll2008l 'l: on the other hand, [N 11] /[O 11] is sensitive 
to dust reddening. 



We have obtained intermediate-resolution (^ 8 A 
FWHM), high signal-to-noise ratio (S/N = 5 - 
100 pixel-i) optical (- 3600 - 6900 A) spectropho- 
tometry of the SINGS galaxies on three spatial scales 
to complement and enhance the legacy value of exist- 
ing mid- and far-infrared observations obtained as part 
of the Spitzer/SINGS legacy program. Our integrated 
circumnuclear and radial-strip spectra characterize the 
central and globally-averaged optical properties of each 
galaxy, respectively, and are spatially coincident with 
mid- (~ 5 — 38 ^m) and far-infrared (~ 55 — 95 /xm) 
spectral cubes from the IRS spectrograph and the MIPS 
instrument in SED-mode, respectively. A third optical 
spectrum targeting the nucleus of each galaxy provides 
a reliable means of identifying galaxies hosting an AGN, 
among other applications. We make the fully reduced, 
spectrophotometrically calibrated one-dimensional spec- 
tra available to the community. In addition, we use state- 
of-the art stellar population synthesis models to sepa- 
rate the underlying stellar continuum from the optical 
emission-line spectrum, and generate tables of the fluxes 
and equivalent widths of the strongest optical emission 
lines. Together with existing ancillary multi- wavelength 
observations of the sample, these data should facilitate 
a broad range of studies on the physical properties of 
nearby galaxies. 

As a first effort demonstrating the utility of these data, 
we classify the sample into star- forming (SF), AGN, and 
SF/AGN on three spatial scales, and carry out a de- 
tailed analysis of the gas-phase oxygen abundances of 
the SINGS sample using our optical spectra and obser- 
vations of more than 550 H li regions. Our principal 
results are: 

1. We find that the proportion of galaxies classified 
as SF and AGN is a strong function of the frac- 
tion of the integrated B-hand light enclosed by the 
spectroscopic aperture. The fraction of the sample 
classified as AGN decreases from « 40% to < 15% 
as the B-band light fraction increases from ~ 10% 
to > 60%, with a corresponding increase in the 
fraction of galaxies classified as SF. The ~ 15% in- 
cidence rate of objects classified as SF/AGN, on 
the other hand, is roughly independent of enclosed 
light fraction. 

2. Because of significant systematic differences among 
oxygen abundances computed using different meth- 
ods, we compute oxygen abundances using both 
a theoretical (KK04) and an empirical (PT05) 
strong-line abundance calibration, both based on 
the popular R23 parameter. We measure a system- 
atic offset of ~ 0.6 dex between the two nebular 
abundances, in the sense that the theoretical KK04 
calibration yields significantly higher metallicities. 
These two calibrations were chosen because they 
bracket the full range of metallicities one would 
obtain using other popular strong-line abundance 
calibrations, and because they could be applied to 
such a diverse sample such as SINGS. 

3. We carry out a detailed analysis of the radial abun- 
dance gradients in 21 of the SINGS galaxies us- 
ing both cahbrations. We find that the slope of 
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the abundance gradients inferred from these two 
calibrations are generally correlated; however, to 
second order the theoretical KK04 calibration re- 
sults in systematically steeper abundance gradi- 
ents, which has significant implications for con- 
straining disk-galaxy formation models. In addi- 
tion, the dispersion in metallicity at fixed galacto- 
centric radius is '^ 50% larger when using the em- 
pirical PT05 calibration, presumably because the 
PT05 calibration is not well-constrained for low- 
excitation H II regions. 

4. We combine all the available abundance measure- 
ments, including abundances inferred from our nu- 
clear, circumnuclear, and radial-strip spectra, H ii 
regions, and the -B-band luminosity-metallicity re- 
lation, to compute the mean characteristic and cen- 
tral oxygen abundances of whole SINGS sample us- 
ing both the KK04 and PT05 strong-line calibra- 
tions. These abundances should facilitate a wide 
range of studies between the metal content and in- 
frared emission properties of nearby galaxies. 

5. Finally, we discuss some of the possible origins of 
the systematic differences in nebular abundance 
computed using direct or empirical versus theoret- 
ical strong-line abundance calibrations. We con- 
clude that additional observations of H ii regions 
spanning a wide range of physical conditions, as 
well as improvements in the theoretical models, are 
imperative for resolving this important outstanding 
problem. 

Preliminary values of the oxygen abundances presented 
in this paper already have be en used in s e veral pub- 
lications by t he SI NGS team. iSmith et al.l ()2007[ ) and 
iDraine et al.l ()2007D found a remarkable decrease in the 
PAH emission-line strengths and the proportion of dust 
mass locked up in PAH grains below a characterist ic oxy- 
en abundan ce 12 -I- log (0/H)pto5 ~ 8.1. Calzetti et al.l 
20071 120100 investigated the metallicity dependence of 
the 8, 24, 70, and 160 /im monochromatic luminosities as 
quantitative SFR diagnostics; they found a strong metal- 
licity dependence for L(8 /im ), hampering its suitabil- 
ity for high-redshift studies. IBendo et al.l ([2008) com- 
pared the radial variations in the 8 /im/24 fim and 
8 /xm/160 /im ratios against the radial abundance gradi- 
ents in a subset of the face-on disk galaxies in SINGS 
and concluded that metallicity was not the dominant 
parameter driving the obse rved trends. And finally 
iMunoz-Mateos et all (12009a) found that both the totai- 
infrared to far-UV luminosity ratio (i.e., Ltir/Lfuv) 
and the UV spectral slope (i.e., /3) depend significantly 
on gas-phase oxygen abundance, owing to the tendency 
for metal-rich, star-forming galaxies to be dustier. 

These applications illustrate the broad utility of the 
measured optical emission-line strengths, spectral classi- 
fications, and derived oxygen abundances of the SINGS 
galaxies, and should facilitate a diversity of future stud- 
ies into the dust emission and star formation properties 
of nearby galaxies. 
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APPENDIX 

PRESENTATION OF THE SPECTRA 

The SINGS galaxies were selected to span a broad range of morphological types, optical luminosities, and infrared 
properties, and this diversity is clearly reflected in their optical spectra. Figures IAmA2l present the reduced one- 
dimensional spectrari in erg s~^ cm~^ A~^ versus rest-frame wavelength in A. We plot the data in grey and overplot 
the best-fitting stellar continuum model (see H2.2.2p in black. For each galaxy, we also show an optical Digitized Sky 
Survey image to illustrate how our spectroscopic apertures compare to the optical extent of the galaxy {dashed purple 
ellipse; see Table [1]). The size of the spectroscopic apertures corresponding to our radial-strip and circumnuclear 
spectra are shown as a red rectangle and blue square, respectively. The dotted yellow rectangle shows the spatial 
coverage of the corresponding Spitzer /I RS long- low spectrum ob tained as part of SINGS where there was at least 
double coverage in both spectral orders ([Smith et al.l 12003 . I2007| ). In some cases there is a mismatch between the 
orientation angle of the IRS and optical radial-strip spectra. This difference occurs because many of the optical 
spectra were obtained before the IRS spectra had been observed, or even scheduled. For these objects when we were 
planning the optical observations we made the best effort to select a position angle for the optical spectrum based on 
the predicted/constrained position angle of the IRS observations. 

H II-REGION DATABASE 

We performed a search of the literature to find published observations of H ii regions in the SINGS sample, resulting 
in data on 561 star-forming regions in ~ 50% of the sample (38/75 galaxies) drawn from 36 distinct papers published 
between 1984 and 2009. In order to be included in our catalog, the [O ii] A3727, H/3, and [O in] A5007 hue-strengths 
must have been measured to enable an estimate of the gas-phase abundance (see iJ4.3l) . While this catalog is not 
exha ustive, it does include all the major spe c troscopic surveys of H ii regions in nearby galaxies conducted to date 
(e.g., iMcCall et al.lll985t iZaritskv et al.|[T995 Ivan Zee et al.lll99"8h . In general, we gave preference to the most recen t 
observations over older data obtained using non-linear detectors, which may be biased (jTorres-Peimbert et al.|[T"989D . 
We also only tabul ated data based on traditional spectrophotometry, not n arrowband iniaging fe.g. jBellev fc Rovlll992l : 
iDutil fc Rovl ll999i). which may suffer from a variety of systematic errors (jDutil fc Rovll2001l l. Finally, observations of 
the same H il region by different authors were retained as independent observations. 

For each H ii region we tabulated the fluxes and uncertainties of the strong nebular emission lines, as well as the 
coordinates of each star-forming region relative to the galactic nucleus. In most cases the published emission-line 
strengths had been corrected for both underlying st ellar absorption an d dust reddening. Where necessary, however, 
we applied a statistical EW(II/3) = 1.9 A correction (jMcCall et al.l ll985') to the Balmer lines and dereddened the line- 
strengths using the observed Ha/H/3 Balmer decrement as described in HA.2[ In all cases we assumed that [O in] A4959 
was 0.34 times the intensity of [O in] A5007 (jOsterbrock fc Ferlandl [2C)06i) . Finally, the coordinates were used to derive 
the deprojected galactocentric radius of each H li-region using the position and inclination angles listed in Table [1] 

Table [10] provides the derived properties of the H II regions used, including the H II region name and reference 
to the literature, the deprojected galactocentric radius, the R23, O32, and P parameters (see §4.1[) . and the oxygen 
abundances derived using the KK04 and PT05 strong-line calibrations, assuming the R23 branches listed in Table [7| 
H II regions whose oxygen abundance could not be derived based on the quantitative criteria described in i j4.2[ or 
which had ambiguous R23 branches using either abundance calibration, are identified in the table using footnotes. 
More detailed information on each H n region (e.g., relative coordinates, emission-line ratios, etc.) are available from 
the first author as a binary fits table upon request. 
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Fig. Al. — The left panels plot the nuclear, circumnuclear, and radial-strip spectra optical spectra o f the fi rst six SINGS galaxies; the 
observed spectra are shown in grey and the best- fitting stellar continuum fit is overplotted in black (see ^2.2.21 1. The right panels show the 
size of the circumnuclear (blue square) and radial-strip (red rectangle) spectroscopic apertures, overlaid on an optical DBS image of each 
galaxy. The dashed purple ellipse indicates the optical extent of the galaxy (see Table d, and the do tted yellow rectangle shows the spatial 
coverage of the Spitzer /IRS radial-strip long-low spectrum obtained as part of SINGS HSmith et al.ll2004i . i2007f ). 
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Fig. A2.— Same of Fig.ET] but for the final three SINGS galaxies. 
in the online edition of the published ApJS paper. 



Note that the visualizations for the intervening galaxies can be found 
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TABLE 1 
Properties of the SINGS Galaxies 







E{B - V) 


P25 


i 


e 


Mb 


B-V 


D 


Distance 


Distance 


Galaxy 


Type 


(mag) 


(arcmin) 


(deg) 


(deg) 


(mag) 


(mag) 


(Mpc) 


Method 


Ref. 
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(3) 
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(5) 
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(7) 


(8) 


(9) 


(10) 


(11) 


NGC 0024 
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0.020 


2.88 


82 


46 


-17.31 ±0.69 


0.68 ±0.05 


7.3 ±2.3 


Flow 
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NGC 0337 


SBd 


0.112 


1.44 


52 


130 


-20.09 ±0.24 


0.38 ±0.05 


22.4 ±2.3 


Flow 


1 


NGC 0584 


E4 


0.042 


2.08 


58 


55 


-19.92 ±0.22 


1.13 ±0.05 


20.1 ±1.9 


SBF 


2 


NGC 0628 


SAc 


0.070 


5.24 


24 


25 


-19.60 ±0.43 


0.50 ±0.05 


7.3 ±1.4 


BS 


3 


NGC 0855 


E 


0.071 


1.32 


71 


67 


-17.01 ±0.20 


0.58 ±0.05 


9.73 ± 0.76 


SBF 


2 


NGC 0925 


SABd 


0.076 


5.24 


57 


102 


-19.24 ±0.11 


0.61 ±0.05 


9.12 ±0.17=^ 


Ccph 


4 


NGC 1097 


SBb 


0.027 


4.67 


48 


130 


-21.21 ±0.31 


0.67 ±0.05 


17.1 ±2.3 


Flow 
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NGC 1266 


SBO pec 


0.098 


0.77 


53 


108 


-18.89 ±0.19 


0.87 ±0.05 


30.0 ±2.3 


Flow 
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NGC 1291 


SBO/a 


0.013 


4.89 


34 
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-20.64 ±0.47 


0.87 ±0.05 


10.8 ±2.3 


Flow 
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NGC 1316 


SABO 


0.021 


6.01 


46 


50 


-22.49 ±0.20 


0.84 ±0.05 


21.5 ±1.7 


SBF 
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NGC 1377 


SO 


0.028 


0.89 


62 


92 


-18.85 ±0.22 


0.47 ±0.05 


25.0 ±2.3 


Flow 


1 


NGC 1404 


El 


0.011 


1.66 


27 


163 


-20.73 ±0.21 


0.89 ±0.05 


20.8 ±1.7 


Mult 


5 


NGC 1482 


SAO pec 


0.040 


1.23 


57 


103 


-18.76 ±0.24 


0.78 ± 0.06 


23.2 ±2.3 


Flow 


1 


NGC 1512 


SBab 


0.011 


4.46 


52 


90 


-19.32 ±0.43 


0.69 ±0.05 


11.8 ±2.3 


Flow 


1 


NGC 1566 


SABbc 


0.009 


4.16 


38 


60 


-21.45 ±0.26 


0.68 ±0.05 


20.4 ±2.3 


Flow 


1 


NGC 1705 


SAO pec 


0.008 


0.95 


43 


50 


-15.65 ±0.27 


0.44 ± 0.05 


5.10 ±0.60 


TRGB 


6 


NGC 2403 


SABcd 


0.040 


10.94 


57 


128 


-18.93 ±0.14 


0.49 ± 0.06 


3.13 ±0.14 


Ceph 


4 


Ho II 


Im 


0.032 


3.97 


38 


16 


-16.71 ±0.16 


0.11 ±0.05 


3.39 ±0.20 


TRGB 


7 


M 81 Dw A 


I? 


0.020 


0.65 


59 




-11.70 ±0.19 


-0.33 ±0.05 


3.55 ±0.26 


TRGB 


7 


DDO 053 


Im 


0.038 


0.77 


30 


121 


-13.61 ±0.18 


-0.09 ±0.05 


3.56 ±0.25 


TRGB 


7 


NGC 2798 


SBa pec 


0.020 


1.28 


70 


160 


-18.97 ±0.22 


0.76 ± 0.05 


26.2 ±2.3 


Flow 


1 


NGC 2841 


SAb 


0.015 


4.06 


66 


147 


-20.67 ±0.25 


0.85 ±0.05 


14.1 ±1.5 


Ceph 


8 


NGC 2915 


10 


0.275 


0.95 


61 


130 


-15.85 ±0.28 


0.11 ±0.05 


3.78 ±0.45 


TRGB 


7 


Hoi 


lABm 


0.050 


1.82 


36 




-14.94 ±0.28 


0.13 ±0.05 


3.84 ±0.46 


TRGB 


7 


NGC 2976 


SAc pec 


0.071 


2.94 


65 


143 


-17.16 ±0.25 


0.62 ±0.05 


3.56 ±0.38 


TRGB 


7 


NGC 3049 


SBab 


0.038 


1.09 


49 


25 


-18.71 ±0.23 


0.61 ±0.05 


23.9 ±2.3 


Flow 


1 


NGC 3031 


SAab 


0.080 


13.46 


60 


157 


-20.22 ±0.13 


0.79 ± 0.05 


3.55 ±0.13=^ 


Ceph 


4 


NGC 3034 


10 


0.156 


5.61 


70 


65 


-19.36 ±0.17 


0.79 ± 0.05 


3.89 ±0.25 


TRGB 


9 


Ho IX 


Im 


0.079 


1.26 


36 




-13.98 ±0.42 


-0.19 ±0.05 


3.70 ± 0.70 


Mem 


7 


M 81 Dw B 


Im 


0.081 


0.44 


49 


140 


-14.21 ±0.54 


0.01 ±0.05 


5.3 ±1.3 


BS 


7 


NGC 3190 


SAa pec 


0.025 


2.18 


72 


125 


-20.40 ±0.15 


0.88 ±0.05 


26.4 ±1.3 


SN 


10 


NGC 3184 


SABcd 


0.017 


3.71 


21 


135 


-19.87 ±0.38 


0.57 ±0.05 


11.1 ±1.9 


SN 


11 


NGC 3198 


SBc 


0.012 


4.26 


70 


35 


-19.71 ±0.13 


0.49 ±0.05 


13.68 ±0.50=^ 


Ceph 


4 


IC 2574 


SABm 


0.036 


6.59 


68 


50 


-16.90 ±0.24 


0.43 ±0.05 


4.02 ±0.41 


TRGB 


7 


NGC 3265 


E 


0.024 


0.64 


40 


73 


-18.39 ±0.24 


0.38 ±0.05 


23.2 ±2.3 


Flow 


1 


Mrk33 


Im pec 


0.012 


0.50 


21 


150 


-17.85 ±0.24 


0.70 ±0.05 


22.9 ±2.3 


Flow 


1 


NGC 3351 


SBb 


0.028 


3.71 


48 


13 


-19.38 ±0.14 


0.78 ±0.05 


9.33 ±0.39=^ 


Ceph 


4 


NGC 3521 


SABbc 


0.057 


5.48 


64 


163 


-20.65 ±0.50 


0.72 ±0.05 


10.1 ±2.3 


Flow 


1 


NGC 3621 


SAd 


0.081 


6.15 


56 


159 


-19.50 ±0.12 


0.48 ± 0.06 


6.55 ±0.18=^ 


Ceph 


4 


NGC 3627 


SABb 


0.033 


4.56 


65 


173 


-20.45 ±0.13 


0.70 ± 0.05 


9.38 ± 0.35=' 


Ceph 


4 


NGC 3773 


SAO 


0.027 


0.59 


32 


165 


-16.81 ±0.43 


0.42 ±0.05 


11.9 ±2.3 


Flow 


1 


NGC 3938 


SAc 


0.021 


2.69 


24 


29 


-19.84 ±0.39 


0.48 ± 0.05 


13.4 ±2.3 


Flow 


1 


NGC 4125 


E6 pec 


0.019 


2.88 


58 


95 


-21.26 ±0.27 


0.84 ±0.05 


23.9 ±2.8 


SBF 


2 


NGC 4236 


SBdm 


0.015 


10.94 


74 


162 


-18.00 ±0.24 


0.21 ±0.05 


4.45 ± 0.45 


TRGB 


7 


NGC 4254 


SAc 


0.039 


2.69 


30 


24 


-20.85 ±0.13 


0.56 ±0.05 


16.50 ±0.60*^ 


Mem 


12 


NGC 4321 


SABbc 


0.026 


3.71 


32 


30 


-20.81 ±0.12 


0.67 ±0.05 


14.32 ±0.46^ 


Ceph 


4 


NGC 4450 


SAab 


0.028 


2.62 


43 


175 


-20.24 ±0.13 


0.85 ±0.05 


16.50 ±0.60*^ 


Mem 


12 


NGC 4536 


SABbc 


0.018 


3.79 


67 


130 


-19.75 ±0.11 


0.64 ±0.05 


14.45 ±0.27=^ 


Ceph 


4 


NGC 4552 


E 


0.041 


2.56 


24 


150 


-20.33 ±0.15 


0.90 ±0.05 


15.92 ±0.81 


Mult 


5 


NGC 4559 


SABcd 


0.018 


5.36 


68 


150 


-19.69 ±0.50 


0.44 ± 0.05 


10.3 ±2.3 


Flow 


1 


NGC 4569 


SABab 


0.047 


4.78 


65 


23 


-21.03 ±0.13 


0.59 ±0.05 


16.50 ±0.60*^ 


Mem 


12 


NGC 4579 


SABb 


0.041 


2.94 


38 


95 


-20.79 ±0.13 


0.81 ±0.05 


16.50 ±0.60*^ 


Mem 


12 


NGC 4594 


SAa 


0.051 


4.36 


68 


90 


-20.76 ±0.13 


0.98 ±0.05 


9.33 ±0.34 


Mult 


5 


NGC 4625 


SABm pec 


0.018 


1.09 


30 


28 


-16.80 ±0.55 


0.61 ±0.05 


9.2 ±2.3 


Flow 


1 


NGC 4631 


SBd 


0.017 


7.74 


89 


86 


-19.73 ±0.11 


0.45 ±0.05 


7.62 ±0.14 


TRGB 


13 


NGC 4725 


SABab pec 


0.012 


5.36 


46 


35 


-20.42 ±0.12 


0.77 ±0.05 


11.91 ±0.33^ 


Ceph 


4 


NGC 4736 


SAab 


0.018 


5.61 


36 


105 


-19.89 ±0.21 


0.76 ± 0.05 


5.20 ± 0.43 


SBF 


2 


DDO 154 


IBm 


0.009 


1.51 


44 


35 


-14.43 ±0.46 


-0.18 ±0.05 


4.30 ±0.89 


BS 


14 


NGC 4826 


SAab 


0.041 


5.00 


59 


115 


-20.25 ±0.22 


0.75 ±0.05 


7.48 ± 0.69 


SBF 


2 


DDO 165 


Im 


0.024 


1.73 


58 


90 


-15.59 ±0.21 


0.01 ±0.05 


4.57 ±0.40 


TRGB 


7 


NGC 5033 


SAc 


0.012 


5.36 


64 


170 


-20.12 ±0.35 


0.69 ±0.05 


14.8 ±2.3 


Flow 


1 


NGC 5055 


SAbc 


0.018 


6.30 


56 


105 


-20.23 ±0.65 


0.76 ± 0.05 


7.8 ±2.3 


Flow 


1 


NGC 5194 


SABbc pec 


0.035 


5.61 


20^= 


163 


-20.63 ±0.14 


0.58 ±0.05 


7.62 ± 0.35<* 


PNLF 


15 


NGC 5195 


SBO pec 


0.035 


2.88 


38 


79 


-19.43 ±0.14 


0.82 ±0.05 


7.62 ± 0.35'* 


PNLF 


15 


Tol89 


SBdm 


0.066 


1.41 


54 


172 


-19.10 ±0.32 


0.10 ±0.05 


16.7 ±2.3 


Flow 


1 


NGC 5408 


IBm 


0.068 


0.81 


62 


62 


-16.57 ±0.20 


0.43 ± 0.05 


4.81 ±0.38 


TRGB 


7 


NGC 5474 


SAcd pec 


0.011 


2.39 


27 


98 


-17.69 ±0.55 


0.44 ± 0.06 


6.8 ±1.7 


BS 


16 


NGC 5713 


SABbc pec 


0.039 


1.38 


27 


10 


-20.53 ±0.20 


0.66 ±0.05 


29.4 ±2.3 


Flow 


1 


NGC 5866 


SO 


0.013 


2.34 


68 


128 


-20.20 ±0.16 


0.81 ±0.05 


15.42 ±0.85 


SBF 


2 


IC 4710 


SBm 


0.089 


1.82 


40 


4 


-18.03 ±0.56 


0.39 ±0.05 


9.0 ±2.3 


Flow 


1 


NGC 6822 


IBm 


0.231 


7.74 


50° 


122<= 


-14.99 ± 0.25<= 


0.60 ± 0.06° 


0.470 ± 0.050 


Ceph 


17 


NGC 6946 


SABcd 


0.342 


5.74 


32 


53 


-21.04 ±0.55 


0.63 ±0.08 


6.8 ±1.7 


BS 


18 


NGC 7331 


SAb 


0.091 


5.24 


72 


171 


-21.05 ±0.13 


0.67 ±0.05 


14.52 ±0.60^ 


Ceph 


4 
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TABLE 1 — Continued 



Galaxy 

(1) 


Type 
(2) 


E{B-V) 

(mag) 

(3) 


P25 
(arcmin) 

(4) 


(deg) 
(5) 


e 

(deg) 
(6) 


Mb 

(mag) 

(7) 


B~V 

(mag) 

(8) 


D 

(Mpc) 
(9) 


Distance 

Method 

(10) 


Distance 
Ref. 
(11) 


NGC 7552 
NGC 7793 


SBab 
SAd 


0.014 
0.019 


1.69 
4.67 


38 

48 


1 
98 


-20.44 ±0.26 
-18.40 ±0.26 


0.67 ±0.05 
0.45 ±0.05 


21.0 ±2.3 
3.91 ±0.43 


Flow 
TRGB 


1 

7 



References. — (1 ) [Masters' ("SODS'); (2) ' Tonrv et a l' ("200T); (3) 'Sharina et al." (^99 1): (4) IFreedman e t"!!* ("20 0l; (5) 
rFcrrarcsc ct all (l2000bD: ( 6) Tosi ct al. (2001) ; (7) JKar achcntscv ct al. (2003); (8) Mac ri et al.l (I2001D: (9 ) Fcrrarc seetaLl 
(2000a); (10) IJha et atl f2007l): (11) X conard et al. (2002); (12) Moi ct al. (2007); (13) Soth ct al. (2005); (14 ) 
rMak arovaTet al.l (I1998DTTi5) ICiardullo et a l. (2002); (16) Drozdov sky fc Ka rachcntsev (200Q); (17) Pictrzynski et al., (|20M ): 
(18) IKarachentsev et all IpOOOl V 

Note. — (1) SINGS galaxy name; (2) Morphological type from iKennicutt et al .! ('2003a') ; (3) Color excess used to cor- 
rect the optical spectroscopy and photometry for foreground Galactic reddening (jSchlcgcl ct al. 1998); (4) Radius of the 
majo r axis at the hb = 25 mag arcsec~^ isophote l|de Vaucouleurs et al] 11991'): (5-6) Galaxy inclinati on and posit i on an - 
gles (|de Vaucouleurs et al.l 1 19911 : IJarrett et al.l 120031 ). We compute the inclination angle, i, following ITully et al.l (|1998D : 
sin (i) = 1.02 x y^l — (b/a)'^, where (b/a) is the minor-to-major axis ratio at /is — 25 mag arcsec"'^ (jde Vaucouleurs et al.l 
119911 ). or the isophotal axis ratio at ^x, = 20 mag arcsec~^ (IJarrett et al.|[2003l ): (7-8) Absolute _B-band magnitude and B — V 
color, both relative to Vega (Dal e et al.ll2007l : IMunoz-Mateos et aLll2009al ) (see i]2.1l for more details); (9-11) Distance, distance 
method, and corresponding reference to the literature. The distance methods have the following meaning: Flow = Hubble 
distance assuming Hq = 70 km s~^ Mpc~^ corrected for peculiar motions; SBF = surface-brightness fluctuations; BS = bright 
stars (supergiants); Ceph = Cepheid variables; Mult = an average of multiple, cross-calibrated techniques; TRGB = tip of the 
red-giant branch; Mem — group/cluster membership; SN = supernova; PNLF — planetary nebula luminosity function. 
^ For these objects we adopt the HST Key Project Cepheid distance uncorrected for metallicity variations (see lFreedman et al.l 
l200ll ). 

^ NGC 4254, N GC 4450, NGC 4569, and NGC 4579 have been placed at the distance of the Virgo cluster (16.5 ± 0.6 Mpc; 
IMei et al.ll2007l ). 
'^ For NGC 5194 we adopt the kinematic inclination angle determined by iTullvl (|1974D . 

The interacting pair NGC 5194 (M 51 a) and NGC 5195 have been placed at a common distance. 
® For NGC 6822 we adopt the kinematic inclination and position angle derived bv lBra ndcnbu rg fc SkillmanI (|1998D . We have 
also adjusted the apparent B- and V-band magnitudes for this object from lDale et al. (2007. ) by —0.37 mag to better match 
the B-band magnitude from IKarachentsev et al.l (|2004l ). 
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TABLE 2 
Journal of Observations 



Nuclear 



Circuninuclear 



Galaxy Aperture^ d^m 



"Phot? Note? 



Aperture'' 0^^^ 



1^ Phot" Notes'^ 



Radial Strip 



Aperture'' 0^ 



tcxp'^ Phot" 



NGC 0024 
NGC 0337 
NGC 0584 
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NGC 0855 
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NGC 1316 
NGC 1377 
NGC 1404 
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NGC 1512 
NGC 1566 
NGC 1705 
NGC 2798 
NGC 2841 
NGC 2915 
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NGC 3049 
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NGC 3190 
NGC 3184 
NGC 3198 
NGC 3265 
Mrk 33 
NGC 3351 
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NGC 3627 
NGC 3773 
NGC 3938 
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NGC 4254 
NGC 4321 
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NGC 4536 
NGC 4552 
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NGC 4579 
NGC 4594 
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Note. — Summary of our nuclear, circumnuclear, and radial-strip observations of the SINGS galaxies. 
Spcctrophotometric extraction aperture along and perpendicular to the slit. 
Long-slit position angle, measured positive from North to East, in degrees. 
Effective exposure time, as defined in lMoustakas fc KennicuttI l |2006al V in seconds. 

Flag indicating whether the spectra were obtained during photometric (Y) or non-photometric conditions (N). 

Extraction notes: (1) Extended spatial profile; (2) One or more foreground stars subtracted; (3) Multiple pointings stitched together; (4) 
Extraction centered on bright H ii region; (5) Residual foreground stellar contamination. 
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TABLE 3 
Optical Emission-Line Fluxes 



Galaxy 


[O II] A3727 


H7 A4340 


H/3 A4861 


[O III] A5007 


Ha A6563 


[N 11] A6584 


[S 11] A6716 


[S 11] A6731 




IN uclcar 


NGU 0024 


1.02 ±0.36 




0.42 ±0.19 


0.57 ±0.17 


2.73 ±0.46 


0.86 ±0.30 


0.68 ±0.26 


0.46 ±0.18 


NGC 0337 


6.02 ±0.39 


0.68 ±0.17 


2.20 ±0.17 


1.24 ±0.15 


9.69 ±0.34 


2.31 ±0.26 


2.78 ±0.22 


2.15 ±0.24 


NGC 0584 


4.0 ±1.4 






4.7 ±2.2 










NGC 0628 


















NGC 0855 


8.51 ±0.56 


1.16 ±0.29 


4.49 ±0.27 


8.99 ±0.31 


23.53 ±0.70 


3.69 ±0.39 


5.29 ±0.61 


3.67 ±0.39 


NGC 0925 


3.75 ±0.40 


0.62 ±0.20 


2.57 ±0.21 


1.41 ±0.19 


8.76 ±0.36 


1.84 ±0.32 


2.25 ±0.42 


1.22 ±0.19 


NGC 1097 


6.69 ±0.89 




2.88 ±0.82 


8.00 ±0.77 


19.7 ±2.1 


30.6 ±1.5 


9.0 ±1.7 


6.1 ±1.2 


NGC 1266 


1.34 ±0.31 






1.36 ±0.21 


6.0 ±1.0 


21.28 ±0.61 


5.93 ±0.64 


3.99 ±0.39 


NGC 1291 


5.29 ±0.91 




1.32 ±0.83 


5.62 ±0.77 


8.7 ±2.2 


14.5 ±1.6 


6.6 ±1.4 


6.6 ±1.7 


NGC 1316 


21.7 ±2.4 






12.6 ±2.4 


16.1 ±8.0 


59.5 ±6.1 


21.9 ±5.2 


22.4 ±5.7 


NGC 1377 












1.72 ±0.39 






NGC 1404 




4.1 ±2.3 










7.5 ±4.0 




NGC 1482 


4.84 ±0.84 


3.54 ± 0.49 


13.71 ±0.54 


2.59 ±0.46 


165.2 ±1.7 


68.9 ±1.2 


23.1 ±1.1 


19.29 ±0.87 


NGC 1512 








1.62 ±0.42 


3.0 ±1.3 


4.76 ±0.92 






NGC 1566 


21.3 ±1.4 


2.6 ±1.5 


16.3 ±2.4 


68.9 ±1.2 


89.6 ±7.0 


77.1 ±5.9 


17.2 ±1.8 


17.7 ±1.7 


NGC 1705 






7.49 ± 0.67 


13.02 ±0.62 


24.9 ±1.6 


1.86 ±0.96 






NGC 2798 


19.4 ±1.1 


7.82 ±0.50 


32.01 ±0.85 


11.02 ±0.70 


218.0 ±2.4 


113.4 ±1.5 


27.7 ±1.3 


25.9 ±1.4 


NGC 2841 


10.0 ±1.4 


1.4 ±1.1 


4.7 ±1.6 


9.9 ±1.3 


15.9 ±4.4 


23.8 ±2.7 


10.2 ±3.3 


10.3 ±3.0 


NGC 2915 


11.1 ±1.4 




6.28 ±0.57 


19.30 ±0.62 


26.6 ±1.0 


1.31 ±0.59 


2.00 ±0.94 


1.19 ±0.55 


NGC 2976 


15.27 ±0.70 


4.02 ±0.31 


10.91 ±0.31 


10.95 ±0.27 


61.66 ±0.76 


11.98 ±0.42 


7.10 ±0.45 


5.74 ±0.32 


NGC 3049 


30.89 ±0.81 


11.71 ±0.45 


28.09 ± 0.40 


9.00 ±0.41 


100.5 ±1.0 


38.93 ±0.71 


11.71 ±0.50 


10.68 ± 0.47 


NGC 3031 


48.2 ±3.3 


29.6 ±6.0 


37 ±19 


116.8 ±4.7 


162 ± 43 


252 ± 33 


49.9 ±7.0 


59.0 ±9.4 


NGC 3034 


11.21 ±0.96 


9.35 ±0.71 


39.18 ±0.81 


12.32 ±0.66 


514.3 ±3.3 


281.4 ±2.4 


65.2 ±1.5 


69.3 ±1.9 


NGC 3190 


6.7 ±1.1 








5.8 ±3.2 


21.8 ±2.7 


4.6 ±1.3 


5.7±1.8 


NGC 3184 


1.36 ±0.37 


0.75 ±0.19 


3.45 ±0.23 


0.50 ±0.20 


25.60 ±0.62 


7.74 ±0.44 


2.77 ±0.34 


2.52 ±0.35 


NGC 3198 


0.52 ±0.27 


0.26 ±0.12 


1.17±0.13 


0.41 ±0.15 


15.86 ±0.46 


6.52 ±0.31 


2.60 ±0.38 


1.82 ±0.20 


NGC 3265 


16.92 ±0.76 


5.39 ± 0.44 


18.47 ±0.40 


7.44 ± 0.42 


120.4 ±1.3 


48.13 ±0.85 


17.56 ±0.72 


14.36 ± 0.66 


Mrk33 


96.6 ±1.6 


23.41 ±0.75 


65.33 ± 0.85 


117.25 ±0.94 


291.8 ±2.5 


54.0 ±1.1 


30.0 ±1.1 


24.16 ±0.83 


NGC 3351 


3.73 ±0.69 


3.64 ±0.39 


10.09 ± 0.45 


1.59 ±0.47 


29.7 ±1.1 


13.6 ±1.0 


4.06 ±0.77 


3.53 ±0.75 


NGC 3521 


















NGC 3621 


5.60 ±0.63 




0.85 ±0.39 


9.29 ±0.44 


7.58 ±0.69 


8.14 ±0.64 


2.83 ±0.60 


2.32 ±0.59 


NGC 3627 


6.07 ±0.78 






8.50 ±0.86 


22.1 ±2.0 


27.7 ±2.0 


12.7±1.5 


11.7 ±1.6 


NGC 3773 


39.0 ±1.1 


10.42 ±0.45 


29.48 ± 0.44 


43.88 ± 0.48 


139.5 ±1.2 


20.85 ±0.69 


13.79 ±0.63 


10.19 ±0.48 


NGC 3938 










0.87 ±0.49 


0.87 ± 0.40 






NGC 4125 


6.26 ±0.89 






4.27 ±0.95 


10.0 ±2.3 


13.7 ±1.7 


8.1 ±2.1 




NGC 4254 


0.94 ±0.38 




1.88 ±0.31 


1.87 ±0.31 


20.65 ± 0.94 


8.10 ±0.68 


1.32 ±0.58 


1.37 ±0.66 


NGC 4321 


3.95 ±0.68 




1.85 ±0.47 


2.62 ±0.53 


20.7 ±1.4 


21.4 ±1.1 


5.19 ±0.84 


4.90 ±0.95 


NGC 4450 


15.62 ±0.79 




3.08 ±0.88 


9.91 ±0.66 


18.2 ±3.5 


39.8 ±2.2 


13.1 ±1.2 


13.2 ±1.5 


NGC 4536 


8.65 ±0.50 


2.03 ±0.29 


9.54 ±0.35 


4.71 ±0.41 


80.4 ±1.5 


47.3 ±1.0 


19.3 ±1.1 


14.89 ± 0.76 


NGC 4552 




3.4 ±1.2 


5.2 ±1.2 


4.7 ±1.8 


13.6 ±8.7 


7.8 ±4.4 






NGC 4559 


1.48 ±0.40 


0.67 ±0.19 


0.90 ±0.12 




5.31 ±0.28 


1.92 ±0.22 


1.43 ±0.35 


1.03 ±0.26 


NGC 4569 


27.1 ±2.9 


5.8 ±1.4 


21.6 ±1.8 


20.5 ±1.8 


116.5 ±5.4 


110.9 ±4.3 


30.6 ±3.9 


24.4 ±3.0 


NGC 4579 


41.4 ±1.7 


2.12 ±0.89 


9.1±1.1 


39.5 ±1.3 


55.6 ±5.9 


116.8 ±4.3 


46.5 ±2.8 


42.4 ±2.7 


NGC 4594 


30.6 ±2.4 


3.3 ±1.9 


8.6 ±3.7 


22.6 ±3.0 


45 ±11 


94 ±12 


26.6 ±4.2 


31.0 ±5.9 


NGC 4625 


0.69 ±0.30 




0.39 ±0.17 




2.47 ±0.39 


1.16 ±0.31 


1.11 ±0.39 


1.03 ±0.38 


NGC 4725 


1.33 ±0.29 




0.27 ±0.21 


2.55 ±0.26 


1.06 ±0.49 


1.48 ±0.55 






NGC 4736 


28.7 ±5.0 






9.9 ±2.1 


19 ±14 


31 ±11 


13.9 ±5.1 


13.8 ±4.2 


NGC 4826 


16.7 ±1.4 




6.8 ±1.3 


7.0 ±1.4 


42.0 ±3.9 


50.8 ±2.9 


20.1 ±3.0 


16.1 ±2.3 


NGC 5033 


4.70 ±0.59 


0.55 ± 0.46 


1.68 ±0.76 


7.14 ±0.42 


14.2 ±2.4 


26.5 ±2.0 


6.6 ±1.3 


5.7±1.0 


NGC 5055 


3.78 ±0.91 






3.00 ±0.61 


5.4 ±1.7 


8.6 ±2.0 


6.1 ±2.5 




NGC 5194 


16.1 ±1.3 




5.46 ± 0.94 


39.8 ±1.0 


48.0 ±3.4 


129.7 ±2.7 


21.4 ±1.8 


22.0 ±2.0 


NGC 5195 


3.8 ±1.0 






4.2 ±1.2 


6.4 ±2.8 


32.2 ±2.0 


23.9 ±6.5 




NGC 5713 


6.14 ±0.56 


1.96 ±0.27 


8.83 ±0.38 


4.05 ±0.39 


64.3 ±1.0 


29.01 ±0.79 


10.60 ±0.60 


8.98 ±0.60 


NGC 5866 


1.08 ±0.33 




0.26 ±0.19 


0.82 ±0.24 


1.59 ±0.53 


2.83 ±0.45 






NGC 6946 






7.36 ±0.87 


3.00 ±0.73 


128.9 ±2.8 


76.1 ±2.0 


19.9 ±1.7 


21.3 ±2.0 


NGC 7331 


6.9 ±1.6 






12.4 ±1.9 


11.9 ±3.8 


11.7 ±3.3 






NGC 7793 


5.96 ±0.81 




4.01 ±0.54 


3.00 ±0.54 


17.1 ±1.0 


6.50 ± 0.85 


3.51 ±0.80 


2.77 ±0.68 


Circumnuclcar 


NGC 0024 


51.0 ±8.0 


7.0 ±3.5 


26.3 ±4.1 


22.8 ±4.1 


107.6 ± 6.9 


35.1 ±5.8 


36.4 ±6.1 


24.8 ±4.2 


NGC 0337 


222.5 ±9.2 


36.1 ±4.9 


123.1 ±5.0 


89.6 ±4.9 


668 ± 11 


169.7 ±7.6 


154.9 ±7.9 


104.4 ±5.1 


NGC 0584 


















NGC 0628 






22.9 ±6.2 


21.1 ±4.9 


81.4 ±8.6 


17.9 ±5.8 






NGC 0855 


199.7 ±7.3 


27.4 ±3.6 


104.0 ±4.0 


198.2 ±4.0 


461.3 ±8.3 


75.0 ±5.9 


109.7 ±6.2 


81.6 ±4.7 


NGC 0925 


129.7 ±6.5 


21.3 ±3.8 


72.2 ± 3.4 


55.0 ±3.8 


345.2 ±8.3 


73.7 ±5.4 


81.5 ±6.2 


57.5 ±4.5 


NGC 1097 


257 ±26 


131 ±15 


470 ± 14 


163 ± 14 


3067 ± 56 


1424 ± 37 


366 ± 30 


322 ± 26 


NGC 1266 


82.2 ±7.9 




6.7±4.1 


45.1 ±4.7 


137 ± 26 


348 ± 18 


83.2 ±9.8 


72.9 ±8.4 


NGC 1291 


35 ±12 


17.9 ±8.0 


20 ±13 


40.7 ±8.1 


52 ±21 


51 ±14 






NGC 1316 


322 ± 40 






149 ± 27 


208 ± 69 


505 ± 57 


244 ± 67 


215 ±62 


NGC 1377 


19.6 ±6.1 






13.7 ±3.6 


16.6 ±6.4 


14.9 ±5.6 


7.6 ±5.4 


7.3 ±6.1 


NGC 1404 


















NGC 1482 


73.0 ±10.0 


16.0 ±2.9 


78.8 ±3.4 


31.8 ±3.6 


874 ± 14 


416.1 ±9.4 


167.0 ±9.1 


139.2 ±7.5 


NGC 1512 


65 ±13 


23.0 ±5.6 


96.7 ±6.6 


34.3 ±6.0 


484 ± 15 


188 ± 13 


69 ±11 


58.1 ±9.1 


NGC 1566 


184 ± 13 






329 ± 11 


587 ± 60 


542 ± 32 


131 ± 14 


111 ±15 


NGC 1705 


342 ± 10 


86.6 ±5.4 


256.9 ±5.7 


1048.4 ± 7.4 


975 ± 12 


48.2 ±8.3 


81.4 ±8.9 


55.4 ±5.6 


NGC 2403 


32.6 ±6.4 




20.0 ±3.7 


20.2 ±4.5 


103.6 ±9.9 


40.2 ±6.6 


32.2 ±7.1 


20.3 ±4.7 
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Galaxy 


[O II] A3727 


H7 A4340 


H/3 A4861 


[O III] A5007 


Ha A6563 


[N 11] A6584 


[S 11] A6716 


[S 11] A6731 


DDO 053 


58.8 ±5.4 


17.0 ±1.9 


36.3 ±1.9 


80.4 ±2.0 


137.6 ±5.2 




9.5 ±3.3 


10.4 ±3.4 


NGC 2798 


141.0 ±6.5 


35.7 ±3.6 


160.3 ±4.8 


72.7 ±4.6 


1258 ± 16 


614 ±11 


207.4 ± 9.2 


184.0 ±8.0 


NGC 2841 


86 ±13 


49 ±11 




105 ± 15 




123 ± 26 


100 ±42 




NGC 2915 


481 ± 28 


69 ±11 


238 ± 11 


668 ± 12 


876 ± 19 


67 ±12 


107 ± 13 


67.7 ±8.2 


NGC 2976 


104.3 ±6.4 


20.0 ±3.4 


68.9 ±3.7 


54.7 ±3.7 


287.8 ±8.5 


81.0 ±5.8 


64.1 ±6.0 


48.6 ±4.5 


NGC 3049 


155.4 ±7.1 


48.7 ±3.3 


153.0 ±4.1 


53.2 ±3.3 


800.4 ±9.8 


292.4 ±6.4 


111.1 ±5.7 


96.2 ±5.5 


NGC 3031 


441 ± 39 


190 ±110 




746 ± 45 


800 ± 170 


1120 ±100 




1100 ± 120 


NGC 3034 


347 ± 23 


176 ± 13 


796 ± 16 


271 ± 14 


9127 ± 54 


5040 ± 35 


1449 ± 27 


1357 ± 25 


M 81 Dw B 


40.9 ± 5.8 


6.9 ±2.8 


20.5 ±2.4 


51.5 ±2.5 


89.5 ±5.0 




12.2 ±5.5 


8.7±3.5 


NGC 3190 


62.3 ±5.5 






36.7 ±7.2 


47 ±33 


101 ± 22 






NGC 3184 


24.7 ±7.2 


10.3 ±3.0 


37.7 ±3.4 


9.5 ±3.0 


190.2 ±7.3 


75.8 ±5.5 


29.5 ±5.4 


27.3 ±5.5 


NGC 3198 


7.1 ±4.1 




5.8 ±2.5 


10.5 ±3.4 


72.6 ±6.6 


43.0 ± 5.9 


20.8 ±5.6 


15.7 ±4.2 


IC 2574 


45.5 ±6.9 


12.6 ±4.0 


22.7 ±2.8 


79.0 ± 2.9 


103.5 ±6.6 




13.3 ±5.2 




NGC 3265 


78.6 ± 5.8 


13.4 ±3.1 


64.1 ±3.2 


33.3 ±3.1 


414.2 ±7.9 


166.7 ±5.8 


75.8 ±6.2 


64.1 ±4.8 


Mrk33 


696 ± 11 


132.6 ±4.4 


409.3 ±5.0 


739.8 ± 5.4 


1917 ±16 


363.4 ±8.2 


213.1 ±7.7 


177.1 ±7.0 


NGC 3351 


141 ± 14 


89.4 ±7.4 


378.9 ±8.0 


85.9 ±8.1 


2121 ±21 


786 ± 16 


239 ± 13 


190 ±11 


NGC 3521 








56 ±18 


166 ± 34 


126 ± 28 


52 ±26 


67 ±39 


NGC 3621 


83 ±13 




52.8 ±7.6 


96.9 ±8.6 


358 ± 13 


186 ± 11 


84 ±12 


56.7 ±8.7 


NGC 3627 


111 ±15 






87 ±11 


116 ±26 


222 ± 24 




150 ± 140 


NGC 3773 


395.3 ±8.1 


76.5 ±3.3 


225.4 ±3.6 


301.0 ±3.5 


967.3 ±9.8 


154.0 ±5.4 


141.6 ±6.8 


99.0 ±4.5 


NGC 3938 






23.2 ±4.1 


8.0 ±3.6 


123.7 ±8.2 


38.5 ±7.6 






NGC 4125 


86 ±12 




22 ±10 


47.8 ±9.7 


93 ±49 


162 ± 25 


67 ±25 


34 ±15 


NGC 4236 


















NGC 4254 


21.9 ±6.7 




56.9 ±4.8 


16.7 ±5.0 


510 ±14 


173 ±11 


51 ±11 


36.1 ±7.1 


NGC 4321 


63 ±13 


24.0 ±6.6 


159.3 ±8.7 


40.3 ± 7.5 


1209 ± 21 


406 ± 17 


92 ±14 


82 ±12 


NGC 4450 


88.1 ±7.8 




19.1 ±8.5 


50.5 ±7.2 


99 ±33 


129 ± 22 


72 ±15 


62 ±12 


NGC 4536 


124.2 ±6.8 


29.7 ±3.7 


122.8 ±4.4 


54.2 ±4.8 


1227 ±17 


555 ±11 


268 ± 10 


210.2 ±8.2 


NGC 4552 








82 ±23 










NGC 4559 


58.3 ±6.3 


6.2 ±3.5 


34.0 ±3.4 


21.2 ±4.3 


211.5 ±9.3 


80.7 ±6.7 


48.1 ±6.0 


46.1 ±5.7 


NGC 4569 


168 ± 14 




61.2 ±8.9 


130 ± 10 


483 ± 27 


519 ±19 


189 ± 19 


152 ± 16 


NGC 4579 


318 ±13 






193 ± 11 


280 ± 200 


704 ± 37 


299 ± 29 


196 ± 18 


NGC 4594 


214 ±47 






173 ± 55 


460 ± 370 


310 ± 260 


258 ± 97 




NGC 4625 


41.2 ±5.1 


13.6 ±3.1 


36.7 ±3.1 


17.4 ±3.3 


186.7 ±6.4 


77.5 ±5.1 


40.5 ±5.8 


27.1 ±3.6 


NGC 4631 


102.9 ±6.5 


9.9 ±2.8 


49.0 ±3.6 


60.0 ±3.5 


290.9 ±8.2 


62.9 ±6.0 


59.7 ±5.9 


37.6 ±3.9 


NGC 4725 


23.3 ±8.5 






20.0 ±4.3 






14.8 ±7.0 




NGC 4736 


454 ± 69 






247 ± 58 




510 ±110 






NGC 4826 


208 ± 14 


22 ±10 


136 ± 13 


146 ± 12 


1007 ± 34 


746 ± 24 


281 ± 26 


228 ± 23 


NGC 5033 


44.4 ±9.7 




45.1 ±9.5 


109.2 ±8.2 


398 ± 26 


346 ± 23 


76 ±13 


60 ±13 


NGC 5055 


49.0 ±9.4 




29.4 ±7.1 


46.7 ±7.5 


193 ± 18 


169 ± 14 


91 ±18 


68 ±14 


NGC 5194 


325 ± 15 


19.2 ±9.7 


91 ±10 


258 ± 11 


581 ± 31 


1276 ± 25 


266 ± 30 


185 ± 20 


NGC 5195 


42 ±11 






69 ±11 


57 ±26 


231 ± 19 


107 ± 28 




Tol 89 


474 ± 16 


109.3 ±4.9 


293.9 ±5.0 


1046.3 ±6.5 


1266 ± 11 


100.2 ±7.5 


109.5 ± 6.8 


73.5 ± 4.4 


NGC 5474 


25.1 ±5.3 




5.5 ±2.0 


12.1 ±2.3 


28.0 ±5.2 


10.4 ±4.7 






NGC 5713 


111.4 ±6.7 


26.8 ±3.0 


111.8 ±3.2 


45.2 ±3.3 


765.8 ±8.4 


329.5 ±6.5 


142.6 ±7.0 


107.4 ±4.9 


NGC 5866 


39 ±14 






45.1 ±8.9 


42 ±15 


86 ±14 


26 ±13 


30 ±14 


NGC 6946 






77.2 ± 9.6 


46.6 ±9.0 


1068 ± 24 


552 ± 17 


174 ± 17 


151 ±16 


NGC 7331 


122 ± 12 






120 ± 16 


277 ± 48 


156 ± 26 






NGC 7793 


96 ±11 


17.9 ±6.9 


77.8 ±6.6 


35.2 ±6.7 


390 ± 12 


135.5 ±9.3 


75 ±11 


51.2 ±7.1 


Kadial ytrip 


NGU 0024 


584 ± 94 




275 ± 39 


268 ± 34 


11U1±96 


305 ± 74 


250 ± 58 


238 ± 50 


NGC 0337 


1469 ± 38 


169 ± 14 


649 ± 14 


937 ±17 


3184 ± 34 


593 ± 23 


695 ± 28 


512 ±19 


NGC 0584 








102 ± 36 










NGC 0628 




58 ±29 


228 ± 35 




878 ± 75 


358 ± 52 


189 ±51 


121 ± 36 


NGC 0855 


402 ± 22 


62.1 ±9.2 


153 ± 10 


272.4 ±9.5 


708 ± 19 


85 ±17 


189 ± 17 


146 ± 15 


NGC 0925 


841 ± 61 


178 ± 33 


422 ± 31 


330 ± 29 


1618 ± 71 


340 ± 54 


458 ± 49 


385 ± 47 


NGC 1097 


595 ± 65 


244 ± 42 


797 ± 44 


322 ± 39 


5190 ± 96 


2558 ± 68 


724 ± 72 


617 ±52 


NGC 1266 


132 ±17 






53.4 ±7.7 


144 ± 36 


345 ± 31 


140 ± 29 




NGC 1291 










440 ± 300 








NGC 1316 


800 ± 180 






410 ± 140 




850 ± 530 


590 ± 280 


650 ± 300 


NGC 1377 


















NGC 1404 






194 ± 73 












NGC 1482 


309 ± 34 


55 ±12 


198 ±11 


124 ± 12 


1553 ± 42 


819 ± 24 


395 ± 26 


261 ± 15 


NGC 1512 


293 ± 70 


61 ±23 


211 ±31 


120 ± 30 


1079 ± 72 


537 ±46 


187 ±47 


175 ± 42 


NGC 1566 


952 ± 83 






544 ± 52 


3700 ± 110 


1873 ± 76 


770 ± 89 


584 ± 64 


NGC 1705 


1216 ±29 


249 ± 11 


680 ± 12 


2431 ± 16 


2600 ± 26 


150 ± 17 


308 ± 16 


210 ±13 


NGC 2403 


4590 ± 600 


1000 ± 350 


2790 ± 290 


2540 ± 330 


13420 ± 600 


2800 ± 530 


3089 ± 490 


2280 ± 330 


DDO 053 


180 ±11 


39.1 ±5.0 


119.5 ±4.6 


197.6 ±5.2 


450 ± 13 




34.6 ±9.4 


25.2 ±5.8 


NGC 2798 


171 ± 15 


44.1 ±8.0 


170 ± 10 


88.4 ±9.0 


1289 ± 26 


632 ± 17 


228 ± 19 


188 ± 14 


NGC 2841 


460 ± 110 


106 ± 64 


435 ± 84 


336 ± 66 


1430 ± 270 


1050 ± 180 


410 ±130 


337 ± 92 


NGC 2915 


1175 ± 73 


154 ± 28 


480 ± 28 


1233 ± 24 


1892 ± 43 


140 ± 32 


299 ± 27 


209 ± 20 


NGC 2976 


1514 ±83 


221 ± 44 


948 ± 41 


631 ± 42 


4634 ± 83 


1246 ± 72 


1086 ± 65 


727 ± 52 


NGC 3049 


206 ± 13 


47.5 ±6.9 


178.6 ±5.9 


72.7 ±6.8 


925 ± 15 


328 ± 10 


151.1 ±9.6 


109.4 ±8.5 


NGC 3031 


3759 ± 610 




1550 ± 510 


2360 ± 330 


5100 ± 2800 


4200 ± 1900 






M 81 Dw B 


85 ±10 


15.5 ±4.1 


42.4 ±4.1 


95.2 ±3.6 


163 ± 13 




18.8 ±6.4 


16.0 ±5.5 


NGC 3190 


95 ±38 






65 ±20 




132 ± 34 




86 ±57 


NGC 3184 


144 ± 35 


18 ±16 


172 ± 20 


60 ±21 


1005 ± 39 


407 ± 34 


174 ±41 


135 ± 28 


NGC 3198 


298 ± 28 


37 ±13 


138 ±11 


147 ± 14 


864 ± 24 


279 ± 25 


204 ± 27 


121 ± 16 



SINGS Oxygen Abundances 
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Galaxy [O ii] A3727 H7 A4340 H/3 A4861 [O III] A5007 Ha A6563 [N 11] A6584 [S 11] A6716 [S 11] A6731 



NGC 3265 


91.4 ±9.4 


10.3 ±4.7 


63.8 ±4.9 


39.2 ±4.4 


427.3 ±9.6 


174.2 ±9.1 


92.2 ±7.8 


67.2 ±6.1 


Mrk33 


746 ± 12 


135.9 ±4.8 


411.5 ±5.6 


747.5 ±5.3 


1954 ± 15 


370.5 ±10.0 


232.8 ±9.0 


195.4 ±8.0 


NGC 3351 


324 ± 51 


94 ±24 


491 ± 32 


219 ± 30 


2496 ± 80 


1124 ±56 


366 ± 57 


293 ± 47 


NGC 3521 


730 ± 130 


224 ± 72 


881 ± 70 


414 ±58 


5090 ± 170 


2123 ±98 


1170 ±160 


572 ± 79 


NGC 3621 


1846 ± 92 


410 ± 55 


1377 ± 49 


690 ± 50 


7850 ± 120 


2632 ± 78 


1556 ± 87 


1086 ± 54 


NGC 3627 


640 ± 69 


82 ±36 


505 ± 36 


348 ± 50 


3070 ± 100 


1432 ± 78 


742 ± 95 


544 ± 73 


NGC 3773 


463 ± 12 


85.1 ±5.1 


251.2 ±4.8 


333.7 ±5.9 


1064 ± 11 


179.8 ±8.4 


171.2 ±9.1 


120.6 ±6.9 


NGC 3938 






250 ±110 




1620 ± 290 


380 ± 190 






NGC 4125 


144 ± 71 


134 ± 48 


211 ± 74 


129 ± 51 




380 ± 110 






NGC 4254 


401 ± 58 


134 ± 24 


787 ± 36 


180 ± 29 


5789 ± 89 


1694 ± 60 


670 ± 67 


482 ± 48 


NGC 4321 


393 ± 76 


139 ± 36 


560 ± 41 


142 ± 34 


3750 ± 96 


1449 ± 63 


508 ± 68 


373 ± 50 


NGC 4450 


241 ± 39 




49 ±18 


122 ±19 


327 ± 66 


250 ± 41 


142 ± 35 


100 ± 28 


NGC 4536 


463 ± 37 


61 ±20 


272 ± 18 


108 ± 19 


2433 ± 52 


1065 ± 42 


602 ± 43 


455 ± 31 


NGC 4552 






115 ±40 












NGC 4559 


2244 ± 68 


266 ± 35 


947 ± 34 


999 ± 34 


4817 ±91 


1162 ±57 


1000 ± 71 


705 ± 44 


NGC 4569 


169 ± 33 




57 ±21 


125 ± 22 


764 ± 64 


733 ± 52 


233 ± 51 


172 ± 36 


NGC 4579 


669 ± 50 




167 ± 32 


341 ± 30 


904 ± 87 


1199 ± 64 


597 ± 88 


339 ± 58 


NGC 4594 


















NGC 4625 


198 ± 29 


34 ±11 


125 ±11 


36 ±11 


634 ± 27 


272 ± 20 


131 ±22 


98 ±13 


NGC 4631 


5130 ±130 


478 ± 60 


2168 ±60 


3271 ± 64 


11380 ± 160 


2480 ± 120 


2710 ±150 


1863 ± 78 


NGC 4725 






56 ±54 






120 ± 120 






NGC 4736 


3500 ± 200 


260 ± 120 


1890 ± 150 


1840 ± 160 


9640 ± 350 


5700 ± 310 


2450 ± 250 


1970 ± 230 


NGC 4826 


980 ± 140 




748 ± 77 


669 ± 83 


4080 ± 190 


2600 ± 170 


1110 ±160 


820 ± 160 


NGC 5033 


204 ± 39 


69 ±23 


292 ± 24 


229 ± 29 


2062 ± 83 


1004 ± 61 


452 ± 80 




NGC 5055 






1080 ± 370 




4840 ± 950 


2340 ± 590 






NGC 5194 


850 ± 260 


260 ±110 


1260 ± 120 


320 ± 120 


8750 ± 360 


4730 ± 210 


920 ± 210 


930 ± 200 


NGC 5195 


289 ± 80 






195 ± 44 


800 ± 120 


1053 ± 92 


216 ±99 


145 ± 51 


Tol 89 


590 ± 46 


81 ±19 


337 ± 17 


1165 ±20 


1438 ± 28 


155 ±31 


132 ± 25 


104 ± 18 


NGC 5474 


722 ± 34 


93 ±17 


280 ± 18 


399 ± 21 


923 ± 36 


133 ± 38 


192 ± 34 


140 ± 23 


NGC 5713 


656 ± 23 


74 ±12 


434 ±11 


178 ± 12 


2852 ± 29 


1176 ± 24 


617 ±22 


430 ± 18 


NGC 5866 








135 ± 46 










NGC 6946 






1980 ± 540 




12300 ± 1100 


5299 ± 1100 


1560 ± 680 


1729 ± 700 


NGC 7331 


383 ± 67 




380 ± 46 


428 ± 51 


2160 ± 100 


878 ± 73 


800 ± 230 




NGC 7793 


800 ± 180 




770 ±110 


450 ± 110 


3520 ± 170 


1010 ±120 


840 ± 140 


580 ± 92 



Note. — Op t ical emission-line flu xes in units of 10 ^^ erg s ^ cm '^j corrected for foreground Galactic extinction (i^v = 3.1; 



IO'Donnei]|ll994l : ISclilegel et al.lll998l ). Note that the uncertainties include only statistical measurement uncertainties, and do 
not include systematic errors due to, for example, imperfect continuum subtraction. For most applications we recommend that 
a minimum S/N > 2 signal-to-noise ratio cut be applied to the fluxes listed in this table. 
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TABLE 4 
Optical Emission-Line Equivalent Widths 



Galaxy 


[O ii] A3727 


H7 A4340 


H/3 A4861 


[O III] A5007 


Ha A6563 


[N 11] A6584 


[S 11] A6716 


[S 11] A6731 




IN uclear 


NGC 0024 


12.1 ±4.3 




2.08 ± 0.91 


2.82 ±0.84 


10.6 ± 1.8 


3.4 ±1.2 


2.6 ±1.0 


1.78 ± 0.69 


NGC 0337 


36.1 ±2.5 


2.79 ±0.68 


8.13 ±0.63 


4.48 ± 0.54 


30.3 ±1.1 


7.34 ±0.84 


8.56 ±0.68 


6.67 ±0.73 


NGC 0584 


3.0 ±1.1 






0.93 ± 0.44 










NGC 0628 


















NGC 0855 


23.1 ±1.6 


2.08 ±0.51 


7.42 ± 0.45 


14.87 ±0.52 


36.3 ±1.1 


5.63 ±0.59 


7.88 ±0.91 


5.49 ±0.58 


NGC 0925 


15.6 ±1.7 


1.89 ±0.60 


7.97 ±0.65 


4.48 ±0.61 


31.8 ±1.4 


6.8 ±1.2 


8.1 ±1.5 


4.48 ± 0.72 


NGC 1097 


8.7 ±1.2 




1.00 ±0.29 


2.71 ±0.26 


3.69 ±0.40 


5.79 ±0.28 


1.71 ±0.32 


1.15 ±0.23 


NGC 1266 


11.4 ±2.7 






3.24 ± 0.49 


8.3 ±1.4 


30.22 ±0.94 


8.09 ±0.87 


5.41 ±0.53 


NGC 1291 


7.3 ±1.3 




0.41 ±0.26 


1.75 ±0.24 


1.70 ±0.43 


2.87 ±0.32 


1.32 ±0.28 


1.31 ±0.34 


NGC 1316 


6.34 ±0.71 






0.93 ±0.18 


0.76 ±0.38 


2.85 ±0.29 


1.05 ±0.25 


1.07 ±0.27 


NGC 1377 












2.11 ±0.48 






NGC 1404 




0.87 ±0.49 










0.62 ±0.33 




NGC 1482 


15.7 ±2.8 


5.73 ±0.80 


16.75 ±0.67 


2.89 ±0.51 


93.1 ±1.3 


38.12 ±0.76 


12.16 ±0.57 


10.10 ±0.46 


NGC 1512 








0.68 ±0.18 


0.84 ±0.37 


1.35 ±0.26 






NGC 1566 


13.02 ±0.84 


0.99 ±0.57 


4.69 ±0.68 


19.40 ±0.35 


16.6 ±1.3 


14.5 ±1.1 


3.24 ±0.33 


3.32 ±0.31 


NGC 1705 






2.90 ±0.26 


5.25 ±0.25 


11.84 ±0.77 


0.90 ±0.47 






NGC 2798 


15.24 ±0.86 


4.29 ±0.27 


15.67 ±0.43 


5.42 ± 0.34 


82.25 ±0.99 


42.96 ±0.66 


10.31 ±0.50 


9.58 ± 0.54 


NGC 2841 


8.9 ±1.3 


0.48 ± 0.40 


0.92 ±0.31 


2.01 ±0.27 


2.01 ±0.55 


3.05 ±0.35 


1.32 ±0.43 


1.34 ±0.39 


NGC 2915 


8.4 ±1.0 




4.64 ±0.42 


14.58 ±0.47 


25.8 ±1.0 


1.30 ±0.58 


1.96 ±0.92 


1.16 ±0.53 


NGC 2976 


83.0 ±4.5 


23.0 ±1.8 


60.9 ±1.8 


60.3 ±1.7 


352.1 ±8.6 


66.7 ±2.7 


38.4 ±2.9 


32.5 ±2.0 


NGC 3049 


32.18 ±0.88 


13.94 ±0.55 


37.75 ±0.57 


12.27 ±0.57 


172.3 ±2.5 


66.7 ±1.6 


20.96 ±0.94 


19.18 ±0.86 


NGC 3031 


16.1 ±1.1 


3.83 ±0.78 


2.6 ±1.4 


8.57 ±0.35 


7.1 ±1.9 


11.2 ±1.4 


2.31 ±0.32 


2.74 ± 0.44 


NGC 3034 


15.5 ±1.4 


6.03 ± 0.46 


19.88 ±0.42 


5.81 ±0.31 


126.0 ±2.6 


67.9 ±1.3 


14.51 ±0.34 


15.40 ±0.43 


NGC 3190 


6.1 ±1.0 








0.80 ±0.44 


3.05 ±0.38 


0.65 ±0.18 


0.81 ±0.26 


NGC 3184 


6.2 ±1.7 


2.23 ±0.57 


8.31 ±0.56 


1.18 ±0.47 


46.0 ±1.2 


13.86 ±0.79 


4.91 ±0.60 


4.46 ± 0.62 


NGC 3198 


4.7 ±2.4 


1.12 ±0.52 


3.53 ±0.40 


1.17 ±0.41 


27.47 ±0.81 


11.42 ±0.55 


4.41 ±0.64 


3.08 ± 0.33 


NGC 3265 


24.2 ±1.1 


5.16 ±0.42 


15.45 ±0.34 


6.07 ±0.35 


78.88 ±0.98 


31.78 ±0.63 


11.52 ±0.48 


9.47 ±0.44 


Mrk33 


65.0 ±1.2 


13.40 ± 0.43 


39.02 ±0.58 


73.78 ± 0.74 


209.3 ±2.9 


38.9 ±1.9 


21.81 ±0.87 


17.53 ± 0.64 


NGC 3351 


4.24 ± 0.79 


2.78 ±0.30 


5.86 ±0.26 


0.90 ± 0.26 


11.81 ±0.44 


5.48 ± 0.42 


1.63 ±0.31 


1.42 ±0.30 


NGC 3521 


















NGC 3621 


11.6 ±1.3 




0.69 ±0.32 


7.54 ±0.36 


4.98 ± 0.46 


5.42 ± 0.43 


1.84 ±0.39 


1.51 ±0.39 


NGC 3627 


5.81 ±0.76 






2.06 ±0.21 


3.35 ±0.30 


4.28 ±0.31 


1.92 ±0.23 


1.75 ±0.24 


NGC 3773 


36.9 ±1.1 


8.08 ±0.35 


24.12 ±0.38 


36.35 ±0.42 


141.2 ±1.8 


20.84 ±0.73 


14.13 ±0.67 


10.49 ±0.52 


NGC 3938 










0.93 ± 0.52 


0.95 ± 0.44 






NGC 4125 


7.9 ±1.1 






1.14 ±0.26 


1.63 ±0.37 


2.26 ±0.28 


1.36 ±0.35 




NGC 4254 


2.18 ±0.88 




1.71 ±0.28 


1.63 ±0.27 


11.84 ±0.54 


4.68 ± 0.40 


0.78 ±0.34 


0.81 ± 0.39 


NGC 4321 


7.3 ±1.3 




1.24 ±0.31 


1.69 ±0.34 


9.17 ±0.63 


9.60 ±0.52 


2.38 ±0.38 


2.25 ±0.43 


NGC 4450 


19.6 ±1.0 




0.97 ±0.28 


3.06 ±0.20 


3.54 ±0.68 


7.83 ± 0.43 


2.69 ±0.25 


2.71 ±0.31 


NGC 4536 


18.1 ±1.1 


1.99 ±0.28 


6.15 ±0.23 


2.82 ±0.25 


24.57 ±0.47 


14.60 ±0.35 


5.78 ±0.32 


4.43 ± 0.23 


NGC 4552 




0.91 ±0.34 


0.83 ±0.19 


0.76 ±0.29 


1.43 ±0.91 


0.82 ±0.47 






NGC 4559 


6.4 ±1.7 


1.80 ±0.51 


2.10 ±0.28 




10.46 ±0.55 


3.85 ±0.44 


2.83 ±0.70 


2.02 ±0.51 


NGC 4569 


5.96 ± 0.66 


0.66 ±0.16 


2.29 ±0.19 


2.12 ±0.18 


11.01 ±0.52 


10.81 ±0.44 


2.91 ±0.37 


2.32 ± 0.29 


NGC 4579 


30.6 ±1.3 


0.73 ±0.31 


1.98 ±0.25 


8.41 ±0.27 


7.25 ± 0.77 


15.38 ±0.57 


6.28 ±0.38 


5.75 ± 0.36 


NGC 4594 


11.96 ±0.95 


0.51 ±0.30 


0.77 ±0.33 


2.02 ±0.27 


2.33 ± 0.58 


4.90 ±0.65 


1.40 ±0.22 


1.63 ±0.31 


NGC 4625 


4.9 ±2.1 




1.30 ±0.56 




6.4 ±1.0 


3.02 ±0.82 


2.9 ±1.0 


2.67 ±0.98 


NGC 4725 


6.6 ±1.4 




0.31 ±0.24 


2.85 ±0.29 


0.76 ± 0.35 


1.08 ± 0.40 






NGC 4736 


5.19 ±0.90 






0.58 ±0.12 


0.76 ±0.56 


1.28 ±0.44 


0.58 ±0.21 


0.58 ±0.17 


NGC 4826 


9.07 ± 0.78 




1.02 ±0.20 


1.02 ±0.20 


3.76 ±0.35 


4.62 ±0.26 


1.84 ±0.27 


1.47 ±0.21 


NGC 5033 


7.15 ±0.91 


0.43 ±0.37 


0.86 ±0.39 


3.64 ±0.21 


4.11 ±0.70 


7.82 ±0.61 


1.95 ±0.39 


1.68 ±0.30 


NGC 5055 


4.5 ±1.1 






0.85 ±0.17 


0.82 ±0.27 


1.33 ±0.30 


0.95 ±0.39 




NGC 5194 


10.91 ±0.89 




1.35 ±0.23 


9.64 ±0.25 


8.68 ±0.63 


23.55 ±0.54 


3.87 ±0.33 


3.99 ± 0.35 


NGC 5195 


4.2 ±1.2 






0.76 ±0.22 


0.59 ±0.26 


2.96 ±0.18 


2.10 ±0.57 




NGC 5713 


13.5 ±1.3 


2.55 ±0.35 


10.27 ±0.44 


4.56 ± 0.44 


62.0 ±1.1 


28.27 ±0.85 


10.12 ±0.57 


8.59 ±0.58 


NGC 5866 


5.0 ±1.5 




0.31 ±0.23 


0.96 ±0.28 


1.00 ±0.33 


1.80 ±0.29 






NGC 6946 






3.91 ±0.46 


1.48 ±0.36 


32.91 ±0.73 


19.34 ±0.53 


4.85 ±0.41 


5.17 ±0.50 


NGC 7331 


4.8 ±1.1 






1.98 ±0.30 


1.13 ±0.36 


1.13 ±0.32 






NGC 7793 


5.58 ± 0.77 




2.05 ± 0.28 


1.52 ±0.28 


7.80 ±0.47 


3.04 ± 0.40 


1.65 ±0.38 


1.30 ±0.32 


Circumnuclear 


NGC 0024 


15.2 ±2.4 


1.24 ±0.61 


3.49 ± 0.54 


3.00 ±0.54 


11.13 ±0.72 


3.64 ±0.60 


3.72 ±0.62 


2.52 ± 0.43 


NGC 0337 


27.0 ±1.2 


2.84 ±0.38 


8.91 ±0.36 


6.47 ±0.35 


45.23 ±0.82 


11.62 ±0.53 


10.62 ±0.54 


7.13 ±0.35 


NGC 0584 


















NGC 0628 






1.21 ±0.33 


1.11 ±0.26 


3.22 ± 0.34 


0.72 ±0.23 






NGC 0855 


31.1 ±1.3 


2.74 ±0.36 


8.87 ±0.35 


16.71 ±0.35 


34.27 ±0.64 


5.64 ± 0.45 


8.14 ±0.47 


6.09 ±0.35 


NGC 0925 


19.7 ±1.0 


2.29 ± 0.40 


7.38 ± 0.35 


5.62 ±0.39 


35.69 ±0.91 


7.79 ± 0.58 


8.46 ± 0.64 


6.03 ± 0.47 


NGC 1097 


6.54 ± 0.67 


1.92 ±0.22 


5.17 ±0.16 


1.76 ±0.16 


22.63 ± 0.42 


10.54 ±0.27 


2.70 ±0.22 


2.37 ±0.19 


NGC 1266 


24.5 ± 2.4 




0.66 ±0.41 


4.27 ±0.45 


9.0 ±1.7 


23.3 ±1.2 


5.53 ±0.65 


4.82 ±0.55 


NGC 1291 


4.6 ±1.5 


1.06 ±0.47 


0.73 ±0.47 


1.49 ±0.30 


1.30 ±0.53 


1.30 ±0.37 






NGC 1316 


6.38 ± 0.79 






0.82 ±0.15 


0.79 ±0.26 


1.94 ±0.22 


0.94 ±0.26 


0.82 ± 0.24 


NGC 1377 


5.7 ±1.8 






1.26 ±0.33 


1.09 ±0.42 


1.00 ±0.38 


0.51 ±0.36 


0.48 ± 0.40 


NGC 1404 


















NGC 1482 


24.7 ±3.4 


2.44 ± 0.45 


8.57 ±0.37 


3.20 ±0.36 


46.00 ± 0.79 


21.84 ±0.53 


8.38 ± 0.46 


7.01 ±0.38 


NGC 1512 


4.65 ± 0.92 


0.92 ±0.23 


2.68 ±0.18 


0.94 ±0.16 


9.43 ±0.29 


3.72 ±0.25 


1.36 ±0.22 


1.14 ±0.18 


NGC 1566 


9.78 ± 0.68 






6.17 ±0.20 


7.59 ± 0.77 


7.08 ± 0.42 


1.70 ±0.18 


1.44 ±0.19 


NGC 1705 


14.54 ±0.46 


3.36 ±0.21 


11.06 ±0.25 


46.07 ±0.37 


51.01 ±0.67 


2.58 ± 0.44 


4.29 ±0.47 


2.92 ±0.29 
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Galaxy 


[O II] A3727 


H7 A4340 


H/3 A4861 


[O III] A5007 


Ha A6563 


[N 11] A6584 


[S 11] A6716 


[S 11] A6731 


NGC 2403 


5.8±1.1 




1.31 ±0.24 


1.31 ±0.29 


5.37 ±0.52 


2.14 ±0.35 


1.66 ±0.37 


1.05 ±0.24 


DDO 053 


81.2 ±8.6 


20.8 ±2.5 


38.5 ±2.1 


86.2 ±2.8 


133.6 ±6.7 




9.0 ±3.1 


9.6 ±3.1 


NGC 2798 


17.59 ±0.86 


2.52 ±0.25 


9.24 ±0.28 


4.07 ±0.26 


51.03 ±0.70 


24.93 ± 0.46 


8.33 ±0.37 


7.38 ± 0.32 


NGC 2841 


4.53 ± 0.70 


1.11 ±0.25 




1.39 ±0.20 




1.10 ±0.23 


0.91 ±0.38 




NGC 2915 


21.4 ±1.3 


2.39 ±0.38 


8.64 ±0.39 


24.54 ±0.45 


36.67 ±0.81 


2.86 ±0.51 


4.45 ±0.52 


2.82 ± 0.34 


NGC 2976 


20.0 ±1.3 


2.12 ±0.36 


6.06 ± 0.33 


4.78 ±0.32 


21.51 ±0.65 


6.18 ±0.45 


4.76 ± 0.45 


3.64 ± 0.34 


NGC 3049 


28.8 ±1.4 


7.42 ±0.51 


21.21 ±0.58 


7.34 ± 0.46 


101.3 ±1.4 


37.0 ±1.0 


14.14 ±0.73 


12.30 ±0.71 


NGC 3031 


6.45 ± 0.58 


1.14 ±0.67 




2.67 ±0.16 


1.84 ±0.39 


2.62 ±0.23 




2.59 ± 0.27 


NGC 3034 


20.8 ± 1.4 


4.97 ±0.38 


17.76 ±0.37 


5.70 ±0.30 


106.0 ±1.9 


59.1 ±1.7 


15.65 ±0.30 


14.67 ±0.28 


M 81 Dw B 


35.5 ±5.4 


4.2 ±1.7 


11.8 ±1.4 


28.9 ±1.5 


55.4 ±3.7 




7.2 ±3.3 


4.9 ±2.0 


NGC 3190 


6.32 ± 0.56 






1.03 ±0.20 


0.84 ±0.58 


1.81 ±0.39 






NGC 3184 


7.0 ±2.0 


1.72 ±0.51 


4.44 ± 0.40 


1.09 ±0.34 


15.47 ±0.60 


6.24 ± 0.46 


2.43 ± 0.44 


2.26 ±0.45 


NGC 3198 


2.3 ±1.4 




0.68 ±0.30 


1.18 ±0.38 


5.34 ±0.48 


3.21 ±0.44 


1.51 ±0.41 


1.14 ±0.31 


IC 2574 


34.7 ±5.7 


8.0 ±2.6 


14.5 ±1.8 


52.5 ±2.2 


70.6 ±5.2 




8.7 ±3.4 




NGC 3265 


16.9 ±1.3 


1.76 ± 0.40 


6.61 ±0.33 


3.36 ±0.31 


32.20 ±0.63 


13.00 ±0.47 


5.80 ±0.47 


4.92 ± 0.37 


Mrk33 


63.6 ±1.3 


9.51 ±0.32 


28.58 ±0.40 


51.79 ±0.46 


134.6 ±1.4 


25.30 ±0.58 


14.92 ±0.56 


12.34 ±0.50 


NGC 3351 


4.45 ± 0.45 


1.83 ±0.15 


5.97 ±0.13 


1.34 ±0.13 


24.49 ± 0.24 


9.09 ±0.19 


2.77 ±0.15 


2.20 ±0.13 


NGC 3521 








0.46 ±0.15 


0.98 ±0.20 


0.75 ±0.17 


0.31 ±0.15 


0.39 ± 0.23 


NGC 3621 


8.2 ±1.3 




2.27 ±0.33 


4.04 ±0.36 


11.31 ±0.42 


5.95 ±0.34 


2.61 ±0.39 


1.76 ± 0.27 


NGC 3627 


5.08 ±0.70 






1.15 ±0.15 


1.05 ±0.23 


2.02 ±0.22 




1.4 ±1.3 


NGC 3773 


49.3 ±1.2 


7.83 ±0.34 


22.38 ±0.37 


29.96 ±0.37 


99.3 ±1.3 


15.93 ±0.58 


14.60 ±0.71 


10.24 ±0.47 


NGC 3938 






1.54 ±0.27 


0.53 ±0.24 


5.98 ±0.40 


1.89 ±0.37 






NGC 4125 


5.24 ±0.75 




0.36 ±0.17 


0.79 ±0.16 


1.00 ±0.53 


1.77 ±0.27 


0.74 ±0.28 


0.38 ±0.16 


NGC 4236 


















NGC 4254 


1.86 ±0.57 




2.03 ±0.17 


0.58 ±0.17 


13.11 ±0.37 


4.53 ±0.30 


1.33 ±0.28 


0.94 ±0.18 


NGC 4321 


2.98 ±0.61 


0.74 ±0.20 


4.17 ±0.23 


1.05 ±0.20 


26.18 ±0.47 


8.79 ±0.38 


2.00 ±0.31 


1.78 ±0.26 


NGC 4450 


7.99 ± 0.72 




0.51 ±0.23 


1.33 ±0.19 


1.77 ±0.59 


2.35 ±0.41 


1.33 ±0.28 


1.16 ±0.22 


NGC 4536 


26.5 ±1.5 


3.25 ±0.41 


9.07 ±0.33 


3.78 ±0.33 


47.65 ±0.71 


21.41 ±0.45 


10.14 ±0.38 


7.94 ±0.31 


NGC 4552 








0.96 ±0.26 










NGC 4559 


11.3 ±1.2 


0.70 ± 0.40 


3.05 ±0.31 


1.85 ±0.37 


14.80 ±0.65 


5.73 ± 0.48 


3.42 ± 0.42 


3.27 ±0.40 


NGC 4569 


8.29 ± 0.70 




1.21 ±0.18 


2.49 ± 0.20 


6.82 ±0.38 


7.48 ± 0.28 


2.67 ±0.27 


2.14 ±0.22 


NGC 4579 


16.88 ±0.74 






2.95 ±0.17 


2.8 ±2.0 


7.31 ±0.38 


3.15 ±0.31 


2.07 ±0.20 


NGC 4594 


4.8 ±1.1 






0.95 ±0.30 


1.6 ±1.3 


1.11 ±0.93 


0.93 ±0.35 




NGC 4625 


8.9 ±1.1 


1.88 ±0.43 


4.23 ±0.36 


1.98 ±0.38 


18.44 ±0.64 


7.81 ±0.52 


4.01 ±0.57 


2.69 ±0.36 


NGC 4631 


41.9 ±3.0 


2.69 ±0.75 


12.29 ±0.90 


14.64 ±0.86 


50.2 ±1.5 


11.2±1.1 


9.69 ±0.96 


6.06 ±0.63 


NGC 4725 


6.4 ±2.3 






1.47 ±0.32 






0.75 ±0.35 




NGC 4736 


4.21 ± 0.65 






0.72 ±0.17 




1.09 ±0.23 






NGC 4826 


8.27 ±0.57 


0.42 ±0.21 


1.66 ±0.15 


1.76 ±0.15 


7.60 ±0.25 


5.71 ±0.19 


2.13 ±0.20 


1.73 ±0.18 


NGC 5033 


3.58 ± 0.78 




1.20 ±0.25 


2.85 ±0.22 


6.54 ±0.43 


5.77 ±0.39 


1.26 ±0.21 


1.00 ±0.22 


NGC 5055 


3.68 ±0.71 




0.66 ±0.16 


1.02 ±0.16 


2.67 ±0.25 


2.37 ±0.19 


1.26 ±0.25 


0.95 ±0.19 


NGC 5194 


13.89 ±0.67 


0.41 ±0.21 


1.37 ±0.15 


3.85 ±0.17 


6.31 ± 0.34 


14.01 ±0.30 


2.94 ±0.33 


2.04 ±0.22 


NGC 5195 


3.68 ± 0.94 






1.18 ±0.19 


0.52 ± 0.23 


2.14 ±0.17 


0.96 ±0.25 




Tol 89 


138.3 ±6.1 


32.1 ±1.6 


94.5 ±1.8 


349 ± 11 


442 ± 13 


34.6 ±3.0 


37.0 ±2.7 


25.4 ±1.7 


NGC 5474 


12.7 ±2.7 




1.55 ±0.58 


3.33 ±0.63 


6.7 ±1.2 


2.5 ±1.1 






NGC 5713 


13.54 ±0.85 


1.98 ±0.22 


7.34 ±0.21 


2.93 ±0.22 


42.75 ±0.52 


18.55 ±0.41 


7.93 ±0.39 


5.98 ±0.27 


NGC 5866 


2.8 ±1.0 






0.97 ±0.19 


0.58 ±0.20 


1.22 ±0.20 


0.37 ±0.19 


0.42 ± 0.20 


NGC 6946 






3.83 ±0.47 


2.16 ±0.42 


27.41 ±0.64 


14.25 ±0.45 


4.28 ±0.41 


3.68 ± 0.39 


NGC 7331 


5.18 ±0.54 






1.36 ±0.18 


2.03 ± 0.35 


1.16 ±0.19 






NGC 7793 


9.9 ±1.2 


1.17 ±0.45 


4.32 ±0.37 


1.92 ±0.36 


18.54 ±0.59 


6.54 ±0.45 


3.53 ±0.50 


2.42 ± 0.33 


Kadial Strip 


NGC 0024 


18.0 ±2.9 




4.95 ±0.70 


4.78 ±0.61 


17.9 ± 1.6 


5.1 ± 1.2 


4.13 ±0.96 


3.90 ± 0.83 


NGC 0337 


36.0 ±1.2 


2.61 ±0.22 


9.59 ±0.22 


13.75 ±0.25 


48.37 ±0.56 


9.21 ±0.37 


10.54 ±0.43 


7.80 ±0.30 


NGC 0584 








0.72 ±0.25 










NGC 0628 




0.54 ±0.27 


1.62 ±0.25 




4.98 ± 0.43 


2.06 ±0.31 


1.07 ±0.29 


0.69 ±0.21 


NGC 0855 


31.5 ±1.9 


2.84 ±0.42 


5.64 ±0.39 


9.89 ±0.35 


22.17 ±0.62 


2.70 ±0.53 


5.80 ±0.52 


4.50 ± 0.46 


NGC 0925 


21.9 ±1.6 


2.72 ±0.50 


5.65 ±0.42 


4.36 ±0.38 


20.63 ±0.91 


4.43 ± 0.70 


5.83 ±0.63 


4.94 ±0.60 


NGC 1097 


6.27 ±0.69 


1.41 ±0.24 


3.39 ±0.19 


1.35 ±0.16 


15.37 ±0.29 


7.64 ±0.21 


2.15 ±0.21 


1.83 ±0.16 


NGC 1266 


18.4 ±2.4 






2.39 ±0.35 


4.6 ±1.2 


11.2 ±1.0 


4.58 ±0.95 




NGC 1291 










2.0 ±1.3 








NGC 1316 


4.00 ± 0.92 






0.63 ±0.21 




0.96 ±0.59 


0.67 ±0.31 


0.73 ± 0.34 


NGC 1377 


















NGC 1404 






0.74 ±0.28 












NGC 1482 


26.5 ±2.9 


2.16 ±0.46 


5.62 ±0.32 


3.39 ±0.34 


26.03 ±0.71 


13.84 ±0.42 


6.44 ±0.43 


4.21 ±0.24 


NGC 1512 


5.7 ±1.4 


0.66 ±0.25 


1.55 ±0.23 


0.87 ±0.21 


5.66 ±0.38 


2.87 ±0.24 


1.00 ±0.25 


0.94 ± 0.23 


NGC 1566 


9.14 ±0.81 






2.42 ±0.24 


13.19 ±0.41 


6.81 ±0.28 


2.77 ±0.32 


2.10 ±0.23 


NGC 1705 


39.8 ±1.0 


6.98 ±0.32 


19.49 ± 0.36 


69.61 ±0.61 


81.55 ±0.93 


4.78 ±0.56 


9.61 ±0.51 


6.54 ± 0.40 


NGC 2403 


18.0 ±2.4 


2.62 ±0.92 


6.49 ±0.67 


6.10 ±0.79 


29.2 ±1.4 


6.1 ±1.1 


6.8 ±1.1 


5.05 ± 0.74 


DDO 053 


66.0 ±4.7 


13.3 ±1.7 


40.7 ±1.7 


68.5 ±2.2 


168.6 ± 7.8 




13.5 ±3.7 


9.8 ±2.3 


NGC 2798 


14.0 ±1.3 


1.91 ±0.35 


5.75 ±0.35 


2.93 ±0.30 


32.23 ±0.66 


16.11 ±0.46 


5.72 ±0.49 


4.74 ± 0.35 


NGC 2841 


4.7 ±1.1 


0.50 ±0.30 


1.28 ±0.25 


1.00 ±0.20 


2.91 ±0.55 


2.14 ±0.36 


0.85 ±0.27 


0.70 ±0.19 


NGC 2915 


27.7 ±1.8 


2.59 ±0.47 


7.97 ±0.47 


20.35 ±0.41 


32.04 ±0.77 


2.43 ±0.55 


5.06 ±0.46 


3.52 ± 0.34 


NGC 2976 


19.7 ±1.2 


1.62 ±0.33 


5.89 ±0.26 


3.87 ±0.26 


24.77 ±0.46 


6.70 ±0.39 


5.66 ±0.34 


3.79 ± 0.27 


NGC 3049 


20.6 ±1.3 


3.23 ±0.47 


10.22 ±0.35 


4.07 ±0.38 


44.76 ±0.78 


15.98 ±0.53 


7.46 ± 0.47 


5.36 ± 0.42 


NGC 3031 


5.34 ±0.87 




0.80 ±0.26 


1.20 ±0.17 


1.73 ±0.94 


1.43 ±0.66 






M 81 Dw B 


41.1 ±5.1 


4.5 ±1.2 


11.0 ±1.1 


24.67 ±0.99 


44.9 ±3.8 




4.8 ±1.6 


4.1 ±1.4 


NGC 3190 


3.8 ±1.5 






0.79 ±0.24 




1.07 ±0.28 




0.70 ±0.46 


NGC 3184 


4.3 ±1.0 


0.31 ±0.28 


2.32 ±0.26 


0.79 ±0.27 


10.47 ±0.41 


4.29 ±0.36 


1.82 ±0.42 


1.42 ± 0.29 
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Galaxy [O ii] A3727 H7 A4340 H/3 A4861 [O III] A5007 Ha A6563 [N 11] A6584 [S 11] A6716 [S 11] A6731 



NGC 3198 
NGC 3265 
Mrk33 
NGC 3351 
NGC 3521 
NGC 3621 
NGC 3627 
NGC 3773 
NGC 3938 
NGC 4125 
NGC 4254 
NGC 4321 
NGC 4450 
NGC 4536 
NGC 4552 
NGC 4559 
NGC 4569 
NGC 4579 
NGC 4594 
NGC 4625 
NGC 4631 
NGC 4725 
NGC 4736 
NGC 4826 
NGC 5033 
NGC 5055 
NGC 5194 
NGC 5195 
Tol 89 
NGC 5474 
NGC 5713 
NGC 5866 
NGC 6946 
NGC 7331 
NGC 7793 



12.9 ±1.2 
15.1 ±1.6 

62.1 ±1.3 
4.34 ± 0.69 
5.14 ±0.93 
15.41 ±0.81 
5.38 ± 0.59 

44.2 ± 1.3 

2.3 ±1.1 
5.00 ± 0.74 
4.98 ± 0.97 

7.1 ±1.1 
13.6 ±1.1 

29.4 ±1.0 
3.45 ±0.68 
9.57 ±0.72 

12.9 ±1.9 
27.40 ± 0.84 

7.03 ± 0.42 
4.95 ± 0.69 

5.3 ±1.0 

3.4 ±1.1 

6.2 ±1.7 

58.5 ±5.2 
31.1 ±1.7 

16.58 ±0.68 



5.31 ±0.94 
10.0 ±2.3 



0.95 ±0.33 
1.05 ±0.48 
8.52 ±0.30 
0.71 ±0.18 
0.82 ±0.26 
2.12 ±0.28 
0.37 ±0.16 
6.01 ±0.36 

0.96 ±0.35 
1.03 ±0.19 
1.00 ±0.26 

0.97 ±0.32 

2.28 ±0.30 



1.43 ± 0.47 
1.76 ±0.22 

0.32 ±0.14 

0.89 ±0.30 

0.70 ±0.31 

5.9 ±1.4 
2.53 ±0.47 
1.12 ±0.18 



2.73 ±0.22 
4.93 ±0.38 
24.07 ± 0.34 

2.58 ±0.17 
2.39 ±0.19 
6.06 ± 0.22 
1.69 ±0.12 

16.01 ±0.31 

2.9 ±1.2 
0.92 ±0.33 
5.14 ±0.23 
3.22 ±0.23 
0.46 ±0.16 
3.30 ±0.22 
0.62 ±0.22 
7.17 ±0.26 
0.43 ±0.16 
0.78 ±0.15 

4.35 ±0.39 
7.45 ± 0.21 
1.00 ±0.96 
1.62 ±0.13 
1.37 ±0.14 

2.59 ±0.21 
2.86 ±0.98 
2.83 ±0.27 

23.8 ±1.2 
6.56 ±0.43 
5.77 ±0.15 

5.1 ±1.4 
1.67 ±0.20 
5.43 ±0.75 



2.83 ±0.26 
2.97 ±0.34 
43.86 ±0.36 

1.14 ±0.15 
1.10 ±0.15 
2.96 ±0.21 

1.15 ±0.17 
20.80 ±0.37 

0.58 ±0.23 

1.16 ±0.19 
0.81 ±0.20 
1.12 ±0.17 

1.27 ±0.22 

7.55 ±0.26 
0.94 ±0.17 
1.60 ±0.14 

1.28 ±0.37 
11.20 ±0.22 

1.57 ±0.14 
1.21 ±0.15 
2.00 ±0.25 

0.72 ±0.26 
1.10 ±0.25 
79.7 ±1.6 
9.26 ± 0.48 
2.32 ±0.16 
0.66 ±0.22 

1.85 ±0.22 
3.05 ± 0.76 



13.16 ±0.38 
24.50 ±0.57 
112.2 ±1.1 

9.30 ±0.30 
9.89 ±0.33 

28.50 ± 0.44 
7.62 ±0.25 

63.79 ±0.81 
15.9 ±2.9 

30.39 ± 0.48 
17.09 ± 0.44 
2.09 ±0.42 
20.61 ±0.46 

33.65 ±0.66 
4.18 ±0.35 
2.96 ±0.28 

20.27 ±0.89 
34.89 ±0.52 

6.40 ±0.24 
5.35 ±0.25 

11.54 ±0.46 
9.5 ±1.9 

15.98 ±0.65 
2.69 ±0.42 
94.9 ±2.5 

19.47 ±0.77 

32.01 ±0.34 

23.9 ±2.3 

6.31 ±0.31 
20.16 ±1.00 



4.30 ±0.38 
10.12 ±0.53 
21.46 ±0.69 
4.25 ±0.21 

4.18 ±0.20 
9.69 ±0.30 

3.62 ±0.20 
10.78 ±0.51 

3.8 ±1.9 

1.19 ±0.35 
8.92 ±0.32 

6.73 ±0.30 

1.63 ±0.27 
9.12 ±0.37 

8.24 ±0.41 
4.07 ±0.29 
3.99 ±0.22 

8.80 ±0.67 

7.74 ±0.37 

1.5 ±1.5 
3.82 ±0.21 
3.45 ±0.22 
5.65 ±0.35 

4.6 ±1.2 
8.74 ±0.39 

3.57 ±0.31 

10.4 ±2.1 
2.85 ±0.81 
13.40 ±0.31 

10.5 ±2.1 

2.58 ±0.21 
5.72 ± 0.70 



3.09 ± 0.42 
5.37 ±0.46 
13.18 ±0.53 
1.37 ±0.21 
2.25 ±0.32 
5.55 ±0.31 
1.87 ±0.24 
10.22 ±0.54 



3.56 ±0.36 
2.36 ±0.32 
0.94 ±0.23 
5.07 ±0.37 

7.01 ± 0.49 
1.28 ±0.28 
2.01 ±0.30 

4.28 ±0.71 
8.13 ±0.44 

1.64 ±0.17 
1.47 ±0.21 
2.53 ± 0.45 

1.68 ±0.39 
0.71 ±0.32 

8.7±1.7 
3.95 ±0.70 
6.94 ±0.25 

3.0 ±1.3 
2.35 ±0.69 
4.73 ±0.81 



1.83 ±0.24 
3.93 ± 0.36 
11.09 ±0.46 
1.10 ±0.18 
1.10 ±0.15 
3.86 ±0.19 
1.37 ±0.18 
7.23 ± 0.42 



2.57 ±0.26 
1.73 ±0.23 
0.66 ±0.18 
3.81 ±0.26 

4.94 ±0.31 
0.94 ± 0.20 
1.14 ±0.20 

3.19 ±0.43 
5.60 ± 0.23 

1.31 ±0.16 
1.09 ±0.21 



1.71 ±0.36 
0.48 ±0.17 

6.8 ±1.2 
2.88 ±0.46 
4.83 ± 0.20 

3.4 ±1.4 

3.27 ±0.52 



Note. — Rest-frame emission-line equivalent widths in A. Note that the uncertainties include only statistical measurement 
uncertainties; they do not include systematic errors due to, for example, imperfect continuum subtraction. For most applications 
we recommend that a minimum S/N > 2 signal-to-noise ratio cut be applied to the EWs listed in this table. 
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TABLE 5 
Optical Spectral Classifications 



Galaxy 


Nuclear 


Circumnuclcar 


Radial Strip 


Ho97 


Adopted 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


NGC 0024 


SF 


SF 


SF 




SF 


NGC 0337 


SF 


SF 


SF 




SF 


NGC 0584 


? 


7 


7 




AGN'' 


NGC 0628 


? 


SF 


SF'' 




SF 


NGC 0855 


SF 


SF 


SF 




SF 


NGC 0925 


SF 


SF 


SF 


SF 


SF 


NGC 1097 


AGN 


SF 


SF° 




AGN 


NGC 1266 


AGNb 


AGNb 


AGN'' 




AGN 


NGC 1291 


AGN'' 


AGN'' 


7 




AGN 


NGC 1316 


AGN'' 


AGN'' 


7 




AGN 


NGC 1377 


? 


gpbc 


7 




SF 


NGC 1404 


? 


7 


7 




AGNd 


NGC 1482 


SF 


SF 


SF" 




SF 


NGC 1512 


AGN'' 


SF 


SF" 




AGN 


NGC 1566 


AGN 


AGN'' 


AGN'' 




AGNf 


NGC 1705 


7 


SF 


SF 




SF 


NGC 2403 






SF<= 


SF 


SF 


SF 


Ho II 












SFS 


M 81 Dw A 












SFs 


DDO 053 






7 


7 




SFs 


NGC 2798 


SF/AGN 


SF/AGN 


SF/AGN 




SF/AGN 


NGC 2841 


AGN 


7 


SF/AGN 


AGN 


AGN 


NGC 2915 


SF 


SF 


SF 




SF 


Hoi 










SFS 


NGC 2976 


SF 


SF 


SF 


SF/AGN 


SF 


NGC 3049 


SF 


SF 


SF 




SF 


NGC 3031 


AGN'' 


AGN'' 


7 


AGN 


AGN* 


NGC 3034 


SFh 


SF'' 




SF/AGN 


SF 


Ho IX 










SFS 


M 81 Dw B 




7 


7 




SFS 


NGC 3190 


? 


7 


7 


AGN 


AGN 


NGC 3184 


SF 


SF 


SF 


SF 


SF 


NGC 3198 


SF 


SF" 


SF 


SF 


SF 


IC 2574 




7 




SF 


SF 


NGC 3265 


SF 


SF 


SF 




SF 


Mrk33 


SF 


SF 


SF 




SF 


NGC 3351 


SF 


SF 


SF 


SF/AGN 


SF 


NGC 3521 


7 


AGN'' 


SF 


AGN 


AGN 


NGC 3621 


AGN 


SF/AGN 


SF 




AGN 


NGC 3627 


AGN'' 


AGN'' 


SF/AGN 


AGN 


AGN 


NGC 3773 


SF 


SF 


SF 




SF 


NGC 3938 


7 


SF 


7 


AGN 


AGN 


NGC 4125 


AGN'' 


7 


7 


AGN 


AGN 


NGC 4236 




7 




SF 


SF 


NGC 4254 


SF/AGN 


SF 


SF 


SF/AGN 


SF/AGN 


NGC 4321 


AGN 


SF 


SF 


AGN 


AGN 


NGC 4450 


AGN 


AGN 


AGN 


AGN 


AGN 


NGC 4536 


SF/AGN 


SF 


SF 


SF/AGN 


SF/AGN 


NGC 4552 


7 


7 


7 


AGN 


AGN 


NGC 4559 


SF'' 


SF 


SF 


SF 


SF 


NGC 4569 


AGN 


AGN 


AGN 


AGN 


AGN 


NGC 4579 


AGN 


7 


AGN 


AGN 


AGNf 


NGC 4594 


AGN 


7 


7 


AGN 


AGN* 


NGC 4625 


SF'' 


SF 


SF 




SF 


NGC 4631 




SF 


SF 


SF 


SF 


NGC 4725 


AGN'' 


7 


7 


AGN 


AGN 


NGC 4736 


7 


7 


SF/AGN 


AGN 


AGN 


DDO 154 










SFs 


NGC 4826 


AGN 


SF/AGN 


SF/AGN 


AGN 


AGN 


DDO 165 










SFs 


NGC 5033 


AGN 


AGN 


SF/AGN 


AGN 


AGN* 


NGC 5055 


AGN'' 


AGN 


SF'' 


AGN 


AGN 


NGC 5194 


AGN 


AGN 


SF/AGN 




AGN 


NGC 5195 


AGN'' 


AGN'' 


AGN'' 




AGN 


Tol 89 




SF 


SF 




SF 


NGC 5408 










SFS 


NGC 5474 




SF/AGN 


SF 


SF 


SF/AGN 


NGC 5713 


SF 


SF 


SF 




SF 


NGC 5866 


AGN'' 


AGN'' 


7 


AGN 


AGN 


IC 4710 










SFS 


NGC 6822 










SFS 



38 



Moustakas et al. 

TABLE 5 — Continued 



Galaxy 

(1) 



Nuclear Circumnucloar 

(2) (3) 



Radial Strip 
(4) 



Ho97 

(5) 



Adopted 
(6) 



NGC 6946 


SF' 


SF' 


SF'' 


SF/AGN 


SF 


NGC 7331 


AGNb 


AGNb 


SF/AGN 


AGN 


AGN 


NGC 7552 










SFJ 


NGC 7793 


SF 


SF 


SF 




SF 



Note. — Optical spectral classifications based on our nuclear, circumnuclear, and radial-strip spectra and the [N ii]/Hq 
vs. [O ni ]/H/3 emission- line diagnostic diagram (see Fig. |4]). For comparison we also tabulate the classifications based on the 
iHo et all (,1997, hereafter Ho97) nuclear spectra. Ellipses indicate no data are available, while a question mark indicates that 
one or more emission line failed our S/N > 2 requirement (see ^. We list the final, adopted classification for each galaxy, 
usually based on the nuclear or circumnuclear spectrum, in the last column. See ^for additional details. 
'^ The lower limit on the nuclear [N Ilj/Ha ratio for NGC 0584 suggests that it hosts a weak AGN. 

These spectra were classified as SF or AGN on the basis of the [N n]/Ha ratio alone because of an unconstrained [O lll]/H/3 
ratio, where we adopt log ([N Ilj/Ha) — —0.25 as the boundary between the two classes. 

"^ NGC 1377 is a "nascent starburst" with a highly dust-obscured nucleus and AGN-like emission-line ratios ()Roussel et al.l 
120061 ): therefore, although the formal classification based on our circumnuclear spectrum is an AGN, we have changed it to SF. 

ITaier et al.l 1)20050 report an X-ray luminosity for NGC 1404 of log (Lx) = 41.46 erg s~^, suggesting the presence of a weak 
AGN in this elliptical galaxy. 

" The radial strip spectra of NGC 1097, NGC 1482, and NGC 1512 formally yield a SF/AGN classification; however, the more 
physically realistic SF classification is consistent with the errors in the emission-line ratios, and with the uncertainty in the 
classification method. For the same reasons we have changed the circumnuclear classifications of NGC 2403 and NGC 3198 
from SF/AGN to SF. 

One or more spectra of these objects exhibits broad Balmer emission lines, 
s Ho II, M 81 Dw A, DDO 053, Ho I, Ho IX, M 81 DwB, DDO 154, DDO 165, NGC 5408, IC 4710, and NGC 6822 are clearly 
star-forming galaxies; they are diffuse, low-luminosity {Mb xi — 18 mag) galaxies with no well-defined bulge or nucleus. 

Our nuclear and circumnuclear spectra of the starburst galaxy NGC 3034=M 82 exhibit enhanced [N ll]/Ha ratios, likely 
from shock-ionized gas, resulting in AGN-like spectral classifications; therefore, we have changed these classifications to SF, 
although we note that recent evidence suggests that M 82 may host a low- luminosity AGN (|Matsumoto et al]|2001f ). 
' NGC 6946 is undergoing a powerful nuclear starburst, resulting in a shock-enhanced [N ll]/Ha ratio in our nuclear and 
circumnuclear spectra; therefore, the formal SF/AGN classifications indicated by these two spectra have been changed to SF. 
■' We classify NGC 7552 as SF using the nuclear emission- line flux ratios published by iKewlev et al.l l|2001bl ). although 
IDurret fc BergeronI (|1988f ) argue that this object may host a weak AGN. 
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TABLE 6 

Nebular Dust Reddening 



Galaxy 



tia/ti/J 



Nuclear 



Circumnuclear 



E(B- V) 



Radial Strip 



E(B-V) 



NGC 0024 
NGC 0337 
NGC 0855 
NGC 0925 
NGC 1097 
NGC 1482 
NGC 1512 
NGC 1705 
NGC 2403 
DDO 053 
NGC 2798 
NGC 2841 
NGC 2915 
NGC 2976 
NGC 3049 
NGC 3034 
M 81 Dw B 
NGC 3184 
NGC 3198 
IC 2574 
NGC 3265 
Mrk 33 
NGC 3351 
NGC 3521 
NGC 3621 
NGC 3627 
NGC 3773 
NGC 4254 
NGC 4321 
NGC 4536 
NGC 4559 
NGC 4625 
NGC 4631 
NGC 4736 
NGC 4826 
NGC 5033 
NGC 5194 
Tol 89 
NGC 5474 
NGC 5713 
NGC 7331 
NGC 7793 



6.48 ±3.05 
4.41 ± 0.38 
5.24 ±0.35 
3.41 ±0.31 



0.78 ±0.45 
0.41 ±0.08 
0.58 ±0.06 
0.17 ±0.09 



12.05 ±0.49 1.36 ±0.04 



6.81 ±0.20 0.82 ±0.03 



4.24 ±0.42 
5.65 ±0.17 
3.58 ±0.06 
13.13 ±0.29 



0.37 ±0.09 
0.65 ±0.03 
0.21 ±0.02 
1.45 ±0.02 



7.42 ±0.53 0.90 ±0.07 



6.52 ±0.16 
4.47 ±0.07 
2.94 ±0.17 



4.73 ± 0.08 
10.97 ±1.86 



0.78 ±0.02 
0.42 ±0.01 
0.03 ±0.05 



0.48 ±0.02 
1.28 ±0.16 



8.43 ±0.34 1.03 ±0.04 



7.28 ±0.33 0.89 ±0.04 
4.26 ±0.63 0.38 ±0.14 



4.09 ±0.69 

5.43 ±0.24 

4.44 ±0.19 

4.78 ±0.25 
6.52 ±0.23 
11.10 ±0.51 
5.01 ±0.37 
3.80 ±0.10 

5.17 ±1.08 

3.79 ±0.24 
7.85 ±0.26 

3.68 ±0.18 

4.18 ±0.26 
5.23 ±0.15 
11.47 ±0.24 
4.37 ±0.57 
5.04 ±0.49 

4.55 ±0.64 
6.46 ± 0.34 
4.68 ±0.07 
5.60 ±0.13 



0.34 ±0.16 
0.61 ±0.04 
0.42 ±0.04 
0.49 ±0.05 
0.78 ±0.03 
1.29 ±0.04 
0.53 ±0.07 
0.27 ±0.02 
0.56 ±0.20 
0.27 ±0.06 
0.96 ±0.03 

0.24 ±0.05 
0.36 ±0.06 
0.57 ±0.03 
1.32 ±0.02 
0.40 ±0.12 
0.54 ±0.09 

0.44 ±0.13 
0.77 ±0.05 
0.47 ±0.01 
0.64 ±0.02 



.77 ±1.01 0.82 ±0.14 



4.29 ±0.08 
8.99 ±0.80 
7.59 ±0.43 
9.99 ±0.38 
6.22 ±0.68 
5.09 ±0.47 
5.93 ±0.46 



0.38 ±0.02 
1.09 ±0.08 
0.93 ±0.05 
1.19 ±0.04 
0.74 ±0.10 
0.55 ±0.09 
0.69 ±0.07 



7.40 ±0.73 0.90 ±0.09 



4.31 ±0.08 
5.10 ±2.11 
6.85 ±0.21 



0.39 ±0.02 
0.55 ±0.39 
0.83 ±0.03 



5.02 ±0.46 0.53 ±0.09 



4.00 ±0.67 
4.90 ±0.12 
4.64 ±0.34 

3.84 ±0.33 
6.51 ±0.38 

7.85 ± 0.49 
5.11 ±0.83 

3.82 ±0.08 
4.81 ±0.54 
3.76 ±0.18 
7.59 ±0.48 
3.29 ±0.89 

3.94 ±0.25 
4.89 ±0.23 
5.18 ±0.19 

3.83 ±0.48 
5.83 ±0.70 

6.26 ±0.54 

6.70 ±0.54 
4.75 ±0.07 
5.08 ±0.37 
5.78 ±0.50 
5.70 ±0.22 

6.07 ±0.48 
4.23 ±0.09 
7.36 ±0.35 
6.70 ±0.52 

8.95 ±0.63 

5.08 ±0.20 

5.09 ±0.51 
5.25 ±0.16 
5.11 ±0.45 
5.46 ±0.61 
7.06 ±0.64 
6.93 ±0.72 

4.27 ±0.23 
3.29 ±0.25 
6.58 ±0.19 
5.69 ±0.74 
4.55 ±0.66 



0.32 ±0.16 
0.51 ±0.02 
0.46 ± 0.07 
0.28 ±0.08 
0.78 ± 0.06 
0.96 ± 0.06 
0.55 ±0.15 
0.28 ± 0.02 
0.49 ±0.11 
0.26 ± 0.05 
0.93 ± 0.06 
0.13 ±0.26 
0.30 ±0.06 
0.51 ± 0.04 
0.56 ± 0.04 

0.28 ±0.12 
0.68 ±0.11 
0.74 ±0.08 

0.81 ±0.08 
0.48 ±0.01 
0.55 ±0.07 
0.67 ±0.08 
0.65 ± 0.04 
0.71 ±0.07 
0.37 ±0.02 
0.90 ±0.05 
0.81 ±0.07 
1.08 ±0.07 
0.55 ± 0.04 
0.55 ±0.10 
0.58 ±0.03 
0.55 ± 0.08 
0.61 ±0.11 
0.86 ± 0.09 
0.84 ±0.10 
0.38 ± 0.05 
0.13 ±0.07 
0.79 ± 0.03 
0.65 ±0.12 
0.44 ±0.14 



Note. — Balmer decrement, Hq/H/?, and corresponding color excess, E{B — V), in magnitudes, asuming the lO'Donnelll 
(| 19941 ) Milky Way extinction curve and an intrinsic (unreddened) decrement of 2.86^0 ;J5. Note that the tabulated uncertainties 
only include the statistical measurement errors of the emission lines and the uncertainty in the adopted intrinsic Balmer 
decrement; they do not include possi ble systematic errors arising f rom, for example, a b reakdown of our assumption of a 
foreground dust screen geometry (e.g.. lWitt fc Gordonll2000l . but see iKennicutt et al]l2009l ). 
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TABLE 7 







Nuclear, Circumnuclear, & Radial Strip Oxygen 


Abundances 




Galaxy 


/?23 Branch 


R23 


O32 


P 


log (1/)kK04 


12 + log(O/H)KK04 


12 + log(O/H)pT05 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 




IN uclcar 


NUC 0024 


U 


6.59 ± 16.16 


0.33 ±0.81 


U.25±0.53 


-3.23 ±0.57 


8.66 ± 0.4Y 


7.95 ±0.73 


NGC 0337 


u 


4.74 ±2.18 


0.18 ±0.08 


0.15 ±0.06 


-3.33 ±0.22 


8.85 ±0.21 


8.02 ± 0.32 


NGC 0855 


u 


5.72 ±1.88 


0.77 ±0.27 


0.43 ±0.12 


-2.88 ±0.20 


8.77 ±0.18 


8.27 ±0.21 


NGC 0925 


u 


2.42 ±1.13 


0.42 ±0.21 


0.30 ±0.13 


-2.86 ±0.27 


9.06 ± 0.06 


8.49 ± 0.20 


NGC 1482 


u 


1.46 ±0.39 


0.17 ±0.05 


0.14 ±0.04 


-3.15 ±0.13 


9.14 ±0.03 


8.44 ±0.10 


NGC 2798 


u 


1.72 ±0.27 


0.32 ±0.05 


0.24 ±0.04 


-2.93 ±0.08 


9.11 ±0.02 


8.52 ± 0.05 


NGC 2915 


L 


6.41 ± 3.02 


1.56 ±0.81 


0.61 ±0.24 


-2.90 ±0.19 


8.21 ±0.32 


7.89 ± 0.39 


NGC 2976 


u 


3.79 ±0.59 


0.48 ±0.08 


0.33 ±0.04 


-2.92 ±0.10 


8.95 ± 0.05 


8.36 ± 0.08 


NGC 3049 


u 


1.76 ±0.16 


0.31 ±0.03 


0.24 ±0.02 


-2.94 ±0.05 


9.11 ±0.01 


8.51 ± 0.04 


NGC 3034 


u 


1.44 ±0.19 


0.32 ±0.05 


0.24 ±0.03 


-2.90 ±0.07 


9.13 ±0.01 


8.56 ±0.05 


NGC 3184 


u 


1.09 ±0.49 


0.19±0.11 


0.16 ±0.09 


-3.07 ±0.26 


9.17 ±0.05 


8.51 ±0.14 


NGC 3265 


u 


2.38 ±0.31 


0.26 ±0.04 


0.20 ±0.03 


-3.06 ±0.07 


9.07 ±0.02 


8.39 ± 0.06 


Mrk33 


u 


4.46 ± 0.33 


1.03 ±0.08 


0.51 ±0.03 


-2.65 ±0.05 


8.90 ± 0.03 


8.45 ± 0.04 


NGC 3351 


u 


0.59 ±0.19 


0.55 ±0.25 


0.36 ±0.15 


-2.50 ±0.27 


9.19 ±0.04 


8.76 ± 0.08 


NGC 3773 


u 


3.93 ± 0.33 


0.91 ±0.08 


0.48 ± 0.03 


-2.66 ±0.06 


8.95 ± 0.03 


8.48 ± 0.04 


NGC 4254 


u 


2.75 ±2.41 


0.69 ±0.67 


0.41 ±0.31 


-2.67 ±0.51 


9.03 ±0.12 


8.55 ± 0.29 


NGC 4536 


u 


2.93 ± 0.64 


0.25 ±0.06 


0.20 ±0.04 


-3.11 ±0.11 


9.03 ± 0.05 


8.31 ±0.11 


NGC 5713 


u 


2.13 ±0.52 


0.34 ±0.09 


0.26 ±0.06 


-2.92 ±0.13 


9.08 ± 0.03 


8.48 ±0.10 


NGC 7793 


u 


3.06 ±2.29 


0.45 ±0.35 


0.31 ±0.21 


-2.89 ±0.38 


9.01 ±0.14 


8.43 ± 0.34 


Gircumnuclcar 


NGC 0024 


u 


3.76 ±3.24 


0.42 ±0.37 


0.29 ±0.22 


-2.97 ±0.46 


8.95 ±0.15 


8.33 ± 0.45 


NGC 0337 


u 


4.08 ± 0.94 


0.28 ±0.07 


0.22 ±0.05 


-3.14 ±0.11 


8.92 ± 0.09 


8.20 ±0.15 


NGC 0855 


u 


5.24 ±1.09 


0.85 ±0.19 


0.46 ± 0.08 


-2.80 ±0.13 


8.83 ±0.11 


8.34 ±0.13 


NGC 0925 


u 


3.78 ±1.03 


0.34 ±0.10 


0.25 ±0.06 


-3.06 ±0.15 


8.95 ± 0.07 


8.28 ±0.16 


NGC 1097 


u 


1.55 ±0.30 


0.37 ±0.08 


0.27 ±0.05 


-2.85 ±0.11 


9.12 ±0.02 


8.57 ±0.07 


NGC 1482 


u 


3.52 ± 0.98 


0.15 ±0.04 


0.13 ±0.04 


-3.32 ±0.13 


8.97 ±0.09 


8.14 ±0.16 


NGC 1512 


u 


1.55 ±0.63 


0.40 ±0.19 


0.29 ±0.11 


-2.81 ±0.24 


9.11 ±0.04 


8.59 ±0.13 


NGC 1705 


L 


6.97 ±0.85 


3.07 ±0.42 


0.75 ±0.08 


-2.68 ±0.05 


8.19 ±0.08 


7.82 ± 0.12 


NGC 2403 


u 


4.00 ±4.20 


0.46 ±0.50 


0.31 ±0.29 


-2.96 ±0.47 


8.93 ±0.26 


8.32 ± 0.43 


DDO 053 


L 


4.94 ± 1.48 


1.37 ±0.47 


0.58 ±0.15 


-2.97 ±0.11 


8.06 ±0.17 


7.69 ± 0.22 


NGC 2798 


u 


2.68 ±0.47 


0.25 ±0.05 


0.20 ±0.03 


-3.09 ±0.09 


9.05 ± 0.03 


8.35 ± 0.09 


NGC 2915 


L 


6.17 ±1.47 


1.44 ±0.38 


0.59 ±0.12 


-2.93 ±0.09 


8.20 ±0.15 


7.87 ±0.25 


NGC 2976 


U 


3.13 ±0.96 


0.48 ±0.16 


0.32 ±0.09 


-2.87 ±0.20 


9.01 ±0.07 


8.44 ±0.15 


NGC 3049 


u 


2.16 ±0.34 


0.25 ±0.04 


0.20 ±0.03 


-3.05 ±0.08 


9.08 ± 0.02 


8.42 ± 0.06 


NGC 3034 


u 


1.87 ±0.23 


0.26 ±0.04 


0.21 ±0.02 


-3.02 ±0.07 


9.10 ±0.01 


8.46 ± 0.05 


M 81 Dw B 


L 


6.08 ± 3.80 


1.10 ±0.75 


0.52 ±0.28 


-3.00 ±0.27 


8.22 ± 0.37 


7.88 ± 0.63 


NGC 3184 


u 


1.39 ±0.77 


0.29 ±0.19 


0.23 ±0.13 


-2.93 ±0.30 


9.13 ±0.05 


8.55 ±0.19 


IC 2574 


L 


7.39 ± 4.92 


1.45 ±1.07 


0.59 ±0.33 


-2.88 ±0.32 


8.31 ± 0.40 


8.05 ± 0.72 


NGC 3265 


U 


3.14 ±0.90 


0.25 ±0.07 


0.20 ±0.05 


-3.12 ±0.15 


9.01 ±0.07 


8.29 ±0.16 


Mrk33 


u 


4.90 ± 0.34 


0.86 ±0.07 


0.46 ± 0.03 


-2.77 ±0.05 


8.86 ± 0.03 


8.38 ± 0.04 


NGC 3351 


u 


0.95 ±0.13 


0.41 ±0.08 


0.29 ±0.05 


-2.73 ±0.09 


9.15 ±0.01 


8.67 ± 0.04 


NGC 3621 


u 


5.57 ±4.18 


0.65 ±0.51 


0.40 ±0.25 


-2.93 ±0.41 


8.79 ±0.31 


8.24 ± 0.42 


NGC 3773 


u 


4.20 ±0.38 


0.68 ±0.07 


0.40 ± 0.03 


-2.81 ±0.06 


8.92 ± 0.03 


8.39 ± 0.05 


NGC 4254 


u 


1.40 ±0.73 


0.32 ±0.20 


0.24 ±0.13 


-2.89 ±0.32 


9.13 ±0.04 


8.56 ±0.18 


NGC 4321 


u 


1.24 ±0.42 


0.32 ±0.13 


0.24 ±0.09 


-2.88 ±0.20 


9.14 ±0.03 


8.58 ±0.11 


NGC 4536 


u 


3.55 ± 0.76 


0.17 ±0.04 


0.14 ±0.03 


-3.29 ±0.10 


8.97 ±0.07 


8.16 ±0.12 


NGC 4559 


u 


4.16 ±2.45 


0.22 ±0.13 


0.18 ±0.10 


-3.23 ±0.30 


8.91 ±0.24 


8.14 ±0.36 


NGC 4625 


u 


2.46 ± 1.20 


0.32 ±0.16 


0.24 ±0.11 


-2.98 ±0.29 


9.06 ± 0.08 


8.43 ±0.21 


NGC 4631 


u 


5.49 ±2.20 


0.37 ±0.15 


0.27 ±0.09 


-3.13 ±0.24 


8.78 ±0.22 


8.11 ±0.30 


NGC 4826 


u 


4.81 ± 2.45 


0.36 ±0.18 


0.26 ±0.12 


-3.10 ±0.28 


8.85 ±0.21 


8.17 ±0.37 


Tol 89 


u 


6.83 ± 0.63 


1.95 ±0.21 


0.66 ±0.05 


-2.58 ±0.06 


8.69 ± 0.06 


8.35 ± 0.05 


NGC 5474 


Ab 


10.36 ±21.91 


0.36 ±0.77 


0.26 ±0.48 


-3.26 ±6.06 


8.44 ± 0.46 


8.10 ±1.39 


NGC 5713 


u 


2.64 ± 0.45 


0.23 ±0.04 


0.18 ±0.03 


-3.13 ±0.08 


9.05 ± 0.03 


8.33 ± 0.09 


NGC 7793 


u 


2.59 ±1.26 


0.28 ±0.14 


0.22 ±0.10 


-3.04 ±0.27 


9.05 ± 0.08 


8.38 ±0.23 


Hadial Strip 


NGC 0024 


u 


4.09 ± 3.42 


0.44 ±0.38 


0.30 ±0.22 


-2.98 ±0.44 


8.93 ±0.18 


8.30 ±0.43 


NGC 0337 


u 


5.44 ± 0.66 


0.50 ±0.06 


0.33 ±0.03 


-3.03 ±0.08 


8.79 ±0.07 


8.19 ±0.08 


NGC 0855 


u 


6.29 ±2.32 


0.56 ±0.21 


0.36 ±0.11 


-3.04 ±0.21 


8.71 ±0.23 


8.13 ±0.26 


NGC 0925 


u 


3.59 ±1.57 


0.39 ±0.18 


0.28 ±0.11 


-2.99 ±0.26 


8.97 ±0.13 


8.33 ± 0.24 


NGC 1097 


u 


2.03 ± 0.64 


0.32 ±0.11 


0.24 ±0.07 


-2.95 ±0.17 


9.09 ± 0.04 


8.48 ±0.13 


NGC 1482 


u 


4.55 ±1.56 


0.19 ±0.07 


0.16 ±0.05 


-3.30 ±0.16 


8.87 ±0.16 


8.06 ±0.21 


NGC 1512 


u 


3.02 ± 2.60 


0.31 ±0.28 


0.23 ±0.18 


-3.04 ±0.48 


9.02 ±0.15 


8.35 ± 0.38 


NGC 1705 


L 


6.91 ±0.67 


1.99 ±0.21 


0.67 ±0.05 


-2.81 ±0.04 


8.24 ± 0.06 


7.92 ± 0.10 


NGC 2403 


u 


3.74 ±2.13 


0.44 ±0.26 


0.31 ±0.15 


-2.95 ±0.34 


8.96 ±0.16 


8.35 ± 0.29 


DDO 053 


L 


4.05 ± 0.91 


1.11 ±0.28 


0.53 ±0.10 


-3.06 ±0.07 


7.98 ±0.13 


7.57 ±0.15 


NGC 2798 


u 


3.01 ± 1.03 


0.26 ±0.09 


0.21 ±0.06 


-3.10 ±0.19 


9.02 ± 0.07 


8.31 ±0.17 


NGC 2841 


u 


2.20 ±2.73 


0.86 ±1.21 


0.46 ±0.52 


-2.52 ±0.61 


9.06 ±0.07 


8.65 ± 0.27 


NGC 2915 


L 


6.54 ±2.01 


1.02 ±0.34 


0.50 ±0.13 


-3.01 ±0.10 


8.27 ±0.20 


7.96 ± 0.33 


NGC 2976 


u 


3.40 ± 0.83 


0.32 ±0.08 


0.25 ±0.05 


-3.04 ±0.13 


8.99 ±0.07 


8.32 ±0.13 


NGC 3049 


u 


2.45 ± 0.49 


0.26 ±0.06 


0.21 ±0.04 


-3.06 ±0.11 


9.06 ± 0.04 


8.39 ± 0.09 


M 81 Dw B 


L 


5.48 ±3.17 


1.11 ±0.73 


0.53 ±0.27 


-3.02 ±0.22 


8.15 ±0.35 


7.79 ±0.50 


NGC 3184 


u 


1.99 ±1.32 


0.27 ±0.20 


0.21 ±0.14 


-3.01 ±0.35 


9.09 ±0.07 


8.46 ± 0.27 


NGC 3198 


u 


5.60 ±2.56 


0.30 ±0.14 


0.23 ±0.09 


-3.21 ±0.22 


8.77 ±0.24 


8.04 ± 0.38 



SINGS Oxygen Abundances 

TABLE 7 — Continued 
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Galaxy 


R23 Branch 


R23 


O32 


P 


log (t/)KK04 


12 + log(O/H)KK04 


12 + log(O/H)pT05 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


NGC 3265 


U 


3.77 ±1.64 


0.24 ±0.11 


0.20 ±0.08 


-3.17 ±0.20 


8.95 ±0.12 


8.21 ±0.28 


Mrk 33 


U 


5.11 ±0.38 


0.80 ±0.07 


0.45 ±0.03 


-2.81 ±0.05 


8.84 ± 0.04 


8.34 ±0.04 


NGC 3351 


u 


1.65 ±0.63 


0.51 ±0.22 


0.34 ±0.12 


-2.72 ±0.24 


9.10 ±0.04 


8.62 ±0.12 


NGC 3521 


u 


2.11 ±0.98 


0.37 ±0.19 


0.27 ±0.12 


-2.89 ±0.25 


9.08 ± 0.06 


8.50 ±0.19 


NGC 3621 


u 


3.08 ± 0.64 


0.25 ±0.05 


0.20 ±0.04 


-3.12 ±0.11 


9.01 ± 0.06 


8.30 ±0.11 


NGC 3627 


u 


3.30 ±1.36 


0.34 ±0.15 


0.25 ±0.10 


-3.02 ±0.24 


8.99 ±0.10 


8.34 ±0.24 


NGC 3773 


u 


4.29 ± 0.46 


0.65 ±0.08 


0.39 ±0.04 


-2.84 ±0.07 


8.91 ± 0.04 


8.37 ± 0.06 


NGC 4254 


u 


1.44 ± 0.41 


0.23 ±0.08 


0.19 ±0.06 


-3.03 ±0.15 


9.13 ±0.03 


8.50 ±0.09 


NGC 4321 


u 


1.79 ±0.80 


0.20 ±0.10 


0.17 ±0.08 


-3.10 ±0.22 


9.11 ±0.05 


8.43 ±0.19 


NGC 4536 


u 


5.11 ±2.04 


0.10 ±0.04 


0.09 ±0.04 


-3.52 ±0.16 


8.80 ±0.23 


7.87 ±0.28 


NGC 4559 


u 


5.25 ±1.08 


0.33 ±0.07 


0.25 ±0.05 


-3.16 ±0.12 


8.81 ±0.13 


8.11 ±0.15 


NGC 4625 


u 


3.00 ±1.68 


0.14 ±0.08 


0.12 ±0.07 


-3.32 ±0.25 


9.02 ±0.13 


8.20 ±0.31 


NGC 4631 


u 


5.91 ±0.92 


0.46 ±0.08 


0.32 ±0.04 


-3.08 ±0.09 


8.74 ±0.10 


8.12 ±0.12 


NGC 4736 


u 


4.30 ±1.93 


0.39 ±0.18 


0.28 ±0.11 


-3.04 ±0.24 


8.90 ±0.20 


8.25 ± 0.30 


NGC 4826 


u 


3.42 ± 1.96 


0.47 ±0.29 


0.32 ±0.16 


-2.89 ±0.31 


8.98 ±0.13 


8.40 ±0.31 


NGC 5033 


u 


2.49 ±1.15 


0.60 ±0.31 


0.38 ±0.16 


-2.71 ±0.29 


9.05 ± 0.06 


8.56 ±0.17 


NGC 5194 


u 


1.77 ±1.09 


0.21 ±0.15 


0.17±0.11 


-3.09 ±0.31 


9.11 ±0.07 


8.43 ± 0.24 


Tol89 


u 


6.88 ±1.77 


1.76 ±0.50 


0.64 ±0.14 


-2.63 ±0.18 


8.68 ±0.18 


8.33 ±0.17 


NGC 5474 


u 


4.78 ±1.76 


0.64 ±0.25 


0.39 ±0.12 


-2.88 ±0.23 


8.86 ±0.15 


8.32 ± 0.22 


NGC 5713 


u 


3.65 ± 0.57 


0.16 ±0.03 


0.14 ±0.02 


-3.31 ±0.07 


8.96 ± 0.06 


8.13 ±0.10 


NGC 7331 


u 


3.23 ±2.09 


0.75 ±0.52 


0.43 ±0.24 


-2.68 ±0.38 


9.00 ±0.15 


8.52 ±0.27 


NGC 7793 


u 


2.30 ±1.73 


0.47 ±0.38 


0.32 ±0.22 


-2.81 ±0.43 


9.07 ±0.09 


8.53 ±0.28 



Note. — (1) Galaxy name; (2-5) Adopted R23 branch (U=upper, L=lower, A=anibiguous), R23 parameter, and excitation 
parameters O32 and P (see i]4.1l and i]4.2p : (6-8) Ionization parameter and oxygen abundances based on the KK04 and PT05 
strong-line calibrations. Note that the uncertainties on the ionization parameter and oxygen abundances include statistical 
measurement errors only. 
'^ The R23 branch of NGC 5474 based on its circumnuclear spectrum is ambiguous, according to the criteria defined in i|4.2l 
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H 11 


TABLE 8 
-Region Oxygen Abundances 












Gradient 


12+log(0/H) 


12+log(0/H) 


12+log(0/H) 






Galaxy 


-R23 Branch 


(dex P25') 


at p = 


at p = 0.4 P25 


Average 


N(H 11) 


Refs. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 




KK04 


NGC 0628 


U 


-0.57 ±0.04 


9.19 ±0.02 


9.02 ±0.01 


8.88 ±0.15 


34 


1,2,3,4,5 


NGC 0925 


u 


-0.42 ± 0.02 


8.91 ±0.01 


8.79 ±0.01 


8.73 ±0.15 


55 


2,5,6 


NGC 1097 


u 


-0.29 ±0.09 


9.17 ±0.01 


9.09 ±0.02 


9.14 ±0.05 


15 


7 


NGC 1705 


L 








8.37 ±0.06 


9 


8 


NGC 2403 


u 


-0.26 ±0.03 


8.89 ±0.01 


8.81 ±0.01 


8.80 ±0.13 


46 


1,4,5,9,10 


Ho II 


L 








8.13 ±0.11 


21 


11,12,13 


DDO 053 


L 








7.98 ±0.23 


4 


11,14 


NGC 2841 


U 


-0.42 ±0.28 


9.34 ±0.07 


9.22 ±0.02 


9.19 ±0.05 


5 


1,15 


NGC 2915 


L 








8.36 ±0.12 


1 


16 


Hoi 


L 








8.04 ±0.07 


4 


11,17 


NGC 3049 


U 








9.11 ±0.01 


1 


18 


NGC 3031 


U 


-0.45 ±0.07 


9.11 ±0.02 


8.97 ±0.01 


8.94 ±0.09 


36 


1,15,19,20 


Ho IX 


Ua 








8.98 ±0.05 


2 


11 


M 81 Dw B 


L 








8.20 ±0.10 


1 


17 


NGC 3184 


U 


-0.52 ±0.05 


9.30 ±0.02 


9.15 ±0.01 


9.07 ±0.12 


32 


4,5,6 


NGC 3198 


U 


-0.66 ±0.11 


9.10 ±0.03 


8.90 ±0.02 


8.78 ±0.15 


13 


6 


IC 2574 


L 








8.23 ±0.12 


21 


11,13,17 


Mrk 33 


U 








8.74 ±0.14 


1 


21 


NGC 3351 


U 


-0.15 ±0.03 


9.24 ±0.01 


9.19 ±0.01 


9.21 ±0.05 


25 


1,4,15,22,23 


NGC 3521 


U 


-0.69 ±0.20 


9.20 ±0.03 


9.00 ±0.02 


9.06 ±0.09 


12 


1,6 


NGC 3621 


U 


-0.91 ±0.10 


9.06 ±0.01 


8.79 ±0.01 


8.91 ±0.14 


30 


6,24 


NGC 4254 


U 


-0.42 ±0.06 


9.26 ±0.02 


9.14 ±0.01 


9.08 ±0.11 


18 


4,25,26 


NGC 4321 


u 


-0.35 ±0.13 


9.29 ±0.04 


9.18 ±0.02 


9.12 ±0.07 


9 


4,26 


NGC 4559 


u 


-0.36 ±0.07 


8.92 ±0.02 


8.81 ±0.01 


8.75 ±0.13 


18 


6 


NGC 4725 


u 








9.10 ±0.08 


8 


6 


NGC 4736 


u 


-0.11 ±0.15 


9.04 ±0.01 


9.01 ±0.03 


9.04 ± 0.04 


15 


1,4,15 


DDO 154 


L 








8.02 ±0.05 


4 


27,28 


NGC 4826 


u 








9.24 ±0.04 


5 


15 


DDO 165 


L 








8.04 ±0.07 


1 


11 


NGC 5033 


U 


-0.34 ±0.08 


9.05 ± 0.03 


8.95 ±0.02 


8.89 ±0.13 


7 


6 


NGC 5055 


u 


-0.54 ±0.18 


9.30 ±0.04 


9.14 ±0.02 


9.11 ±0.10 


5 


4 


NGC 5194 


u 


-0.50 ±0.05 


9.33 ±0.01 


9.18 ±0.01 


9.17±0.11 


34 


1,4,29,30,31 


NGC 5408 


L 








8.23 ±0.06 


1 


32 


NGC 6822 


u 








8.67 ±0.10 


19 


33,34 


NGC 6946 


u 


-0.28 ±0.10 


9.13 ±0.04 


9.05 ±0.02 


8.99 ±0.11 


8 


3,4 


NGC 7331 


u 


-0.56 ±0.28 


9.18 ±0.05 


9.02 ± 0.02 


9.05 ±0.05 


10 


1,15 


NGC 7552 


u 








9.16 ±0.01 


1 


35 


NGC 7793 


u 


-0.36 ±0.07 


8.98 ±0.02 


8.87 ±0.01 


8.83 ±0.12 


12 


4,36 


1''1'05 


NGC 0628 


u 


-0.27 ±0.05 


8.43 ±0.02 


8.35 ±0.01 


8.27 ±0.12 


33 


1,2,3,4,5 


NGC 0925 


u 


-0.21 ±0.03 


8.32 ±0.01 


8.25 ±0.01 


8.22 ±0.14 


52 


2,5,6 


NGC 1097 


u 


-0.37 ±0.13 


8.58 ±0.01 


8.47 ±0.02 


8.55 ±0.09 


15 


7 


NGC 1705 


L 








8.07 ±0.08 


5 


8 


NGC 2403 


u 


-0.32 ±0.03 


8.42 ±0.01 


8.33 ±0.01 


8.30 ±0.14 


44 


1,4,5,9,10 


Ho II 


L 








7.72 ±0.14 


20 


11,12,13 


DDO 053 


L 








7.57 ±0.27 


4 


11,14 


NGC 2841 


U 


-0.63 ±0.46 


8.72 ±0.12 


8.54 ±0.03 


8.52 ±0.09 


5 


1,15 


NGC 2915 


L 








7.98 ±0.20 


1 


16 


Hoi 


L 








7.61 ±0.11 


4 


11,17 


NGC 3049 


U 








8.54 ±0.01 


1 


18 


NGC 3031 


U 


-0.37 ±0.09 


8.54 ±0.02 


8.43 ±0.01 


8.37 ±0.14 


36 


1,15,19,20 


Ho IX 


ua 








8.14 ±0.11 


2 


11 


M 81 Dw B 


L 








7.85 ±0.14 


1 


17 


NGC 3184 


U 


-0.46 ± 0.06 


8.65 ±0.02 


8.51 ±0.01 


8.42 ±0.14 


32 


4,5,6 


NGC 3198 


U 


-0.50 ±0.14 


8.49 ± 0.04 


8.34 ±0.02 


8.26 ±0.14 


12 


6 


IC 2574 


L 








7.84 ±0.15 


18 


11,13,17 


Mrk 33 


U 








8.15 ±0.20 


1 


21 


NGC 3351 


U 


-0.28 ±0.04 


8.69 ±0.01 


8.60 ±0.01 


8.63 ±0.10 


25 


1,4,15,22,23 


NGC 3521 


U 


-0.16 ±0.33 


8.44 ± 0.05 


8.39 ±0.02 


8.38 ±0.11 


11 


1,6 


NGC 3621 


u 


-0.19 ±0.13 


8.33 ±0.02 


8.27 ±0.02 


8.29 ±0.14 


29 


6,24 


NGC 4254 


u 


-0.37 ±0.08 


8.56 ±0.02 


8.45 ±0.01 


8.41 ±0.14 


18 


4,25,26 


NGC 4321 


u 


-0.38 ±0.21 


8.61 ±0.07 


8.50 ±0.03 


8.43 ±0.08 


9 


4,26 


NGC 4559 


u 


-0.10 ±0.07 


8.32 ±0.02 


8.29 ±0.01 


8.27 ±0.10 


16 


6 


NGC 4725 


u 








8.35 ±0.13 


8 


6 


NGC 4736 


u 


-0.33 ±0.18 


8.40 ±0.01 


8.31 ±0.03 


8.39 ±0.08 


15 


1,4,15 


DDO 154 


L 








7.54 ±0.09 


4 


27,28 


NGC 4826 


u 








8.59 ±0.11 


5 


15 


DDO 165 


L 








7.63 ±0.08 


1 


11 


NGC 5033 


U 


-0.58 ±0.10 


8.54 ±0.03 


8.37 ±0.02 


8.24 ±0.24 


7 


6 


NGC 5055 


u 


-0.63 ±0.29 


8.59 ±0.07 


8.40 ± 0.03 


8.38 ±0.18 


5 


4 


NGC 5194 


u 


-0.31 ±0.06 


8.64 ±0.01 


8.55 ±0.01 


8.54 ±0.09 


34 


1,4,29,30,31 


NGC 5408 


L 








7.81 ±0.09 


1 


32 
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Galaxy 

(1) 



i?23 Branch 

(2) 



Gradient 

(dex p^^) 

(3) 



12+log(0/H) 
at p = 

(4) 



12+log(0/H) 

at p = 0.4 P25 

(5) 



12+log(0/H) 

Average 

(6) 



N(H II) 
(7) 



Refs. 

(8) 



NGC 6822 


U 


NGC 6946 


U 


NGC 7331 


u 


NGC 7552 


u 


NGC 7793 


u 



-0.17±0.15 
-0.24 ±0.35 



8.45 ± 0.06 
8.41 ±0.06 



-0.10 ±0.08 8.34 ±0.02 



8.40 ± 0.03 
8.34 ±0.02 

8.31 ±0.02 



8.12 ±0.22 
8.37 ±0.06 
8.36 ±0.07 
8.35 ±0.03 
8.26 ±0.13 



18 
8 

10 
1 

12 



33,34 

3,4 

1,15 

35 

4,36 



Ref ere nces. — (11 iBresolin et al.l (119991); (2) iCastellanos et all (l2002f): ral iFerguson et al.1 lHQQai: (4) iMcCall et all 

19851): ( 5) Van Zoo et al (199g): (6) 'Zaritskv et al. (1994'); (7) 'Storchi-Bersmann et al." (■1996'); (8) 'Lee & Skillman' ('2001}; 

9) iGarn ett et al. (1997); (10) Garnctt et al. (1999); (11) Croxall et al. (2009); (12) Lee et al. (2003b); (13) MaseEosa et at] 

199T); (14) Skillman et all (119891); (15) Oev & Kennicutt (1993); (16) Lee et al. (2003al); (17) Miller & Hodge (199^); 

(18) Guseva et al. (2000l); (19) IGarnett fc Shields (1987); (20) Stauffer & Both un (1984); (21)jKonK fc Cheng (2002); (22) 

[Bresolin & Kennicutt (2002); (23) Diaz et al. (2007J): (24) |Rvder (1995); (25) Henry et a l. (1994); (26) IShieldsl (lT99ll); (27) 

[Kennicutt & Skillman (2001); (28) van Zee et al. (1S)97^; (2 9) iBresolin et al. (200l); (30)lDiaz et al. (199ll); (31) IGarnett et al.l 

(2004b); (32) Stasiriska et alj (|1986l ); (33) ILee et al.l (|2(306bl ); (34) IPeimbert et al.l (I2005D ; (35) IStorchi-Bergmann et all (|1995f ): 

(36) .Edmunds fc PageL (,1984l ). 

Note. — (1) Galaxy name; (2) Adopted R23 branch (U=upper, L=lower, A=ambiguous) ; (3) Slope of the radial abundance 
gradient; (4) Central oxygen abundance based on the derived abundance gradient; (5) Characteristic oxygen abundance, defined 
as the metallicity at p = 0.4p25, based on the derived abundance gradient; (6) Unweighted average and standard deviation 
of all the H 11- region abundances (see i)4.3.2p ; (7) Number of H 11 regions with measured abundances; (8) References to the 
literature from which the H ll-region line-ratios were taken (see Appendix iB]! . 

'^ Although Ho IX is among the faintest galaxies in our sample, the [N 11] /Ha and [N 11] /[O 11] line-ratios clearly place it on 
the upper R23 branch (|Croxall et al.ll2009l ). 
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TABLE 9 
Final Oxygen Abundances 





12+log(O/H)KK04 




12+log(O/H)pT05 




Galaxy 


Central 


Characteristic 


L- Z 


Central 


Characteristic 


L-'Z 


NGC 0024 


8.93 ±0.11 


8.93 ±0.11 


8.62 


8.26 ±0.29 


8.26 ±0.29 


8.08 


NGC 0337 


8.84 ± 0.05 


8.84 ±0.05 


9.10 


8.18 ±0.07 


8.18 ±0.07 


8.45 


NGC 0584 






9.07 






8.43 


NGC 0628 


9.25 ± 0.03 


9.02 ± 0.01 


9.02 


8.45 ± 0.03 


8.35 ±0.01 


8.39 


NGC 0855 


8.80 ± 0.09 


8.80 ± 0.09 


8.57 


8.29 ±0.10 


8.29 ±0.10 


8.04 


NGC 0925 


8.96 ±0.01 


8.79 ±0.01 


8.95 


8.34 ±0.02 


8.25 ±0.01 


8.34 


NGC 1097 


9.15 ±0.01 


9.09 ±0.01 


9.30 


8.62 ±0.03 


8.47 ±0.02 


8.60 


NGC 1266 






8.89 






8.29 


NGC 1291 






9.20 






8.52 


NGC 1316 






9.52 






8.77 


NGC 1377 






8.89 






8.29 


NGC 1404 






9.21 






8.54 


NGC 1482 


9.14 ±0.03 


8.95 ± 0.08 


8.87 


8.44 ±0.10 


8.11 ±0.13 


8.28 


NGC 1512 


9.11 ±0.04 


9.11 ±0.04 


8.97 


8.56 ±0.12 


8.56 ±0.12 


8.35 


NGC 1566 






9.34 






8.63 


NGC 1705 


8.28 ± 0.04 


8.28 ± 0.04 


8.33 


7.96 ± 0.06 


7.96 ±0.06 


7.86 


NGC 2403 


8.92 ± 0.02 


8.81 ±0.01 


8.90 


8.46 ±0.02 


8.33 ±0.01 


8.30 


Ho II 


8.13 ±0.11 


8.13 ±0.11 


8.51 


7.72 ±0.14 


7.72 ±0.14 


8.00 


M 81 Dw A 






7.65 






7.34 


DDO 053 


8.00 ± 0.09 


8.00 ± 0.09 


7.98 


7.60 ±0.11 


7.60 ±0.11 


7.59 


NGC 2798 


9.11 ±0.02 


9.04 ± 0.03 


8.91 


8.52 ±0.05 


8.34 ±0.08 


8.30 


NGC 2841 


9.38 ±0.13 


9.21 ±0.02 


9.20 


8.79 ±0.22 


8.54 ±0.03 


8.53 


NGC 2915 


8.28 ±0.08 


8.28 ±0.08 


8.37 


7.94 ±0.13 


7.94 ±0.13 


7.89 


Hoi 


8.04 ± 0.07 


8.04 ± 0.07 


8.21 


7.61 ±0.11 


7.61 ±0.11 


7.77 


NGC 2976 


8.98 ± 0.03 


8.98 ± 0.03 


8.59 


8.36 ±0.06 


8.36 ±0.06 


8.06 


NGC 3049 


9.11 ±0.01 


9.10 ±0.01 


8.86 


8.53 ±0.01 


8.53 ±0.01 


8.27 


NGC 3031 


9.15 ±0.03 


8.97 ±0.01 


9.12 


8.57 ±0.04 


8.43 ±0.01 


8.47 


NGC 3034 


9.12 ±0.01 


9.12 ±0.01 


8.97 


8.51 ±0.03 


8.51 ±0.03 


8.35 


Ho IX 


8.98 ± 0.05 


8.98 ± 0.05 


8.04 


8.14 ±0.11 


8.14 ±0.11 


7.64 


M 81 Dw B 


8.19 ±0.09 


8.19 ±0.09 


8.08 


7.84 ±0.13 


7.84 ±0.13 


7.67 


NGC 3190 






9.15 






8.49 


NGC 3184 


9.27 ±0.02 


9.15 ±0.01 


9.06 


8.68 ±0.03 


8.51 ±0.01 


8.42 


NGC 3198 


9.17 ±0.06 


8.90 ±0.02 


9.03 


8.54 ±0.08 


8.34 ±0.02 


8.40 


IC 2574 


8.24 ±0.11 


8.24 ±0.11 


8.55 


7.85 ±0.14 


7.85 ±0.14 


8.03 


NGC 3265 


9.07 ±0.02 


8.99 ±0.06 


8.81 


8.39 ± 0.06 


8.27 ±0.14 


8.23 


Mrk33 


8.87 ±0.02 


8.87 ±0.02 


8.71 


8.39 ±0.02 


8.39 ±0.02 


8.15 


NGC 3351 


9.19 ±0.01 


9.19 ±0.01 


8.98 


8.71 ±0.02 


8.60 ±0.01 


8.36 


NGC 3521 


9.27 ±0.06 


9.01 ±0.02 


9.20 


8.45 ±0.11 


8.39 ±0.02 


8.53 


NGC 3621 


9.15 ±0.03 


8.80 ±0.01 


9.00 


8.35 ±0.03 


8.27 ±0.02 


8.37 


NGC 3627 


8.99 ±0.10 


8.99 ±0.10 


9.16 


8.34 ±0.24 


8.34 ±0.24 


8.50 


NGC 3773 


8.95 ± 0.03 


8.92 ± 0.03 


8.53 


8.43 ± 0.03 


8.43 ±0.03 


8.02 


NGC 3938 






9.06 






8.42 


NGC 4125 






9.30 






8.61 


NGC 4236 






8.74 






8.17 


NGC 4254 


9.23 ±0.02 


9.13 ±0.01 


9.23 


8.60 ±0.04 


8.45 ±0.01 


8.55 


NGC 4321 


9.17 ±0.01 


9.17 ±0.01 


9.22 


8.61 ±0.08 


8.50 ±0.03 


8.55 


NGC 4450 






9.13 






8.47 


NGC 4536 


9.00 ±0.04 


9.00 ± 0.04 


9.04 


8.21 ±0.08 


8.21 ±0.08 


8.41 


NGC 4552 






9.14 






8.48 


NGC 4559 


8.95 ±0.03 


8.81 ±0.01 


9.03 


8.33 ± 0.04 


8.29 ±0.01 


8.40 


NGC 4569 






9.26 






8.58 


NGC 4579 






9.22 






8.54 


NGC 4594 






9.22 






8.54 


NGC 4625 


9.05 ±0.07 


9.05 ±0.07 


8.53 


8.35 ±0.17 


8.35 ±0.17 


8.02 


NGC 4631 


8.75 ±0.09 


8.75 ±0.09 


9.04 


8.12 ±0.11 


8.12 ±0.11 


8.40 


NGC 4725 


9.10 ±0.08 


9.10 ±0.08 


9.16 


8.35 ±0.13 


8.35 ±0.13 


8.50 


NGC 4736 


9.06 ±0.03 


9.01 ±0.03 


9.07 


8.44 ±0.03 


8.31 ±0.03 


8.42 


DDO 154 


8.02 ±0.05 


8.02 ±0.05 


8.12 


7.54 ±0.09 


7.54 ±0.09 


7.70 


NGC 4826 


9.20 ±0.04 


9.20 ±0.04 


9.13 


8.54 ±0.10 


8.54 ±0.10 


8.47 


DDO 165 


8.04 ±0.07 


8.04 ±0.07 


8.32 


7.63 ± 0.08 


7.63 ±0.08 


7.86 


NGC 5033 


9.09 ± 0.05 


8.96 ±0.02 


9.11 


8.60 ±0.06 


8.37 ±0.02 


8.46 


NGC 5055 


9.35 ±0.08 


9.14 ±0.02 


9.13 


8.65 ±0.13 


8.40 ±0.03 


8.47 


NGC 5194 


9.38 ± 0.02 


9.18 ±0.01 


9.19 


8.67 ±0.03 


8.55 ±0.01 


8.52 


NGC 5195 






8.99 






8.36 


Tol 89 


8.69 ±0.06 


8.69 ±0.06 


8.93 


8.35 ±0.05 


8.35 ±0.05 


8.32 


NGC 5408 


8.23 ±0.06 


8.23 ±0.06 


8.49 


7.81 ±0.09 


7.81 ±0.09 


7.99 


NGC 5474 


8.83 ±0.14 


8.83 ±0.14 


8.69 


8.31 ±0.22 


8.31 ±0.22 


8.13 


NGC 5713 


9.08 ±0.03 


9.03 ±0.03 


9.18 


8.48 ±0.10 


8.24 ±0.06 


8.51 


NGC 5866 






9.12 






8.47 


IC 4710 






8.74 






8.18 


NGC 6822 


8.67 ±0.10 


8.67 ±0.10 


8.22 


8.12 ±0.22 


8.12 ±0.22 


7.78 


NGC 6946 


9.16 ±0.06 


9.05 ±0.02 


9.27 


8.47 ±0.09 


8.40 ±0.03 


8.58 


NGC 7331 


9.24 ±0.10 


9.02 ±0.02 


9.27 


8.44 ±0.12 


8.34 ±0.02 


8.58 


NGC 7552 


9.16 ±0.01 


9.16 ±0.01 


9.16 


8.35 ±0.03 


8.35 ±0.03 


8.50 


NGC 7793 


9.02 ± 0.03 


8.88 ± 0.01 


8.81 


8.35 ± 0.04 


8.31 ±0.02 


8.23 
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TABLE 9 — Continued 



12+log(O/H)KK04 12+log(O/H)pT05 

Galaxy Central Characteristic L — Z Central Characteristic L — Z 

Note. — Final central and characteristic nebular oxygen abundances for the SINGS galaxies based on the KK04 and 
PT05 abundance calibrations. The central abundance characterizes the inner, or nuclear metallicity of each galaxy, while the 
characteristic abundance is a globally-averaged metallicity. Note that the uncertainties on the oxygen abundances include 
statistical measurement errors only. We also provide the oxygen abundances inferred from the _B-band luminosity-metallicity 
(L — Z) relation for every object; the uncertainty in the L — Z abundance is at least 0.2 dex (see i|4.4l and Fig. Ill|). 
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TABLE 10 
Oxygen Abundances of the H ii Regions in the SINGS Galaxies 



No. 


Galaxy 


Region 


P/P25 


^23 


O32 


P 


12 + log (O/H)kk04 


12 + log (O/H)pT05 


Ref. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


001 


NGC 0628 


H292 


0.23 


2.44 + 0.17 


0.24 + 0.04 


0.20 + 0.03 


9.06 + 0.01 


8.38 + 0.04 




002 


NGC 0628 


H451 


0.26 


1.75 + 0.18 


0.15 + 0.06 


0.13 + 0.05 


9.12 + 0.02 


8.38 + 0.06 




003 


NGC 0628 


H572 


0.39 


2.82 + 0.18 


0.15 + 0.02 


0.13 + 0.02 


9.04 ± 0.02 


8.24 + 0.04 




004 


NGC 0628 


H598 


0.41 


3.13 + 0.25 


0.23 + 0.05 


0.19 + 0.04 


9.01 + 0.02 


8.27 + 0.06 




005 


NGC 0628 


H627 


0.51 


4.24 + 0.18 


0.80 ± 0.07 


0.45 ± 0.03 


8.92 + 0.01 


8.43 ± 0.03 




006 


NGC 0628 


H154-155 


0.72 


5.29 + 0.24 


0.27 + 0.02 


0.21 + 0.01 


8.80 + 0.03 


8.04 ± 0.04 




007 


NGC 0628 


H13 


0.71 


4.82 + 0.18 


0.48 ± 0.03 


0.33 ± 0.02 


8.86 + 0.02 


8.25 + 0.03 




008 


NGC 0628 


FGW628A 


0.26 


2.28 + 0.08 


0.10 + 0.01 


0.09 ± 0.01 


9.08 + 0.01 


8.25 + 0.02 


2 


009 


NGC 0628 


FGW628B 


0.80 


5.77 + 0.25 


0.59 ± 0.04 


0.37 + 0.02 


8.76 ± 0.03 


8.20 + 0.04 


2 


010 


NGC 0628 


+081-140 


0.55 


3.68 + 0.08 


0.68 ± 0.03 


0.40 + 0.01 


8.96 + 0.01 


8.45 + 0.02 


3 


Oil 


NGC 0628 


+062-158 


0.57 


2.67 + 0.16 


0.15 + 0.02 


0.13 + 0.01 


9.05 + 0.01 


8.26 + 0.03 


3 


012 


NGC 0628 


+047-172 


0.59 


3.65 + 0.12 


0.40 ± 0.02 


0.28 + 0.01 


8.96 + 0.01 


8.33 + 0.02 


3 


013 


NGC 0628 


+044-175 


0.60 


4.55 + 0.11 


0.83 ± 0.04 


0.45 ± 0.01 


8.89 + 0.01 


8.40 ± 0.02 


3 


014 


NGC 0628 


+180-008 


0.62 


2.97 + 0.09 


0.31 + 0.01 


0.24 + 0.01 


9.02 + 0.01 


8.36 + 0.02 


3 


015 


NGC 0628 


+178-052 


0.65 


3.03 + 0.07 


0.60 ± 0.02 


0.38 ± 0.01 


9.01 + 0.01 


8.50 + 0.02 


3 


016 


NGC 0628 


-086+186 


0.69 


5.03 + 0.11 


0.70 + 0.03 


0.41 + 0.01 


8.84 + 0.01 


8.32 + 0.02 


3 


017 


NGC 0628 


-075+200 


0.72 


5.53 + 0.21 


0.36 ± 0.02 


0.27 + 0.01 


8.78 + 0.02 


8.10 + 0.04 


3 


018 


NGC 0628 


-073+203 


0.72 


4.71 + 0.14 


0.51 + 0.02 


0.34 + 0.01 


8.87 + 0.01 


8.27 + 0.03 


3 


019 


NGC 0628 


-069+208 


0.73 


5.59 + 0.12 


0.94 ± 0.04 


0.49 + 0.01 


8.79 + 0.01 


8.33 + 0.02 


3 


020 


NGC 0628 


+254-043 


0.90 


5.96 + 0.15 


0.59 ± 0.03 


0.37 + 0.01 


8.74 ± 0.02 


8.18 + 0.02 


3 


021 


NGC 0628 


+256-041 


0.90 


7.25 + 0.27 


0.52 + 0.03 


0.34 ± 0.02 


8.59 + 0.03 


8.03 ± 0.03^ 


3 


022 


NGC 0628 


-232+112 


0.90 


5.10 + 0.25 


0.20 + 0.01 


0.17 + 0.01 


8.81 + 0.03 


8.01 + 0.04 


3 


023 


NGC 0628 


+262-041 


0.92 


6.37 + 0.27 


0.55 ± 0.04 


0.35 ± 0.02 


8.70 ± 0.03 


8.12 + 0.04 


3 


024 


NGC 0628 


+264-037 


0.93 


6.37 + 0.17 


0.86 ± 0.04 


0.46 ± 0.02 


8.71 + 0.02 


8.23 + 0.03 


3 


025 


NGC 0628 


+265-041 


0.93 


7.40 ± 0.23 


1.18 + 0.08 


0.54 + 0.02 


8.61 + 0.03 


8.21 + 0.03 


3 


026 


NGC 0628 


-227+148 


0.95 


6.32 + 0.17 


0.87 + 0.04 


0.46 + 0.02 


8.71 + 0.02 


8.24 + 0.03 


3 


027 


NGC 0628 


+049+052 


0.23 


3.04 ± 0.34 


0.25 ± 0.04 


0.20 + 0.02 


9.02 ± 0.03 


8.30 + 0.07 


4 


028 


NGC 0628 


-074-022 


0.26 


1.65 + 0.18 


0.22 ± 0.03 


0.18 + 0.02 


9.12 + 0.01 


8.46 ± 0.05 


4 


029 


NGC 0628 


-060-107 


0.39 


2.97 + 0.41 


0.19 + 0.04 


0.16 + 0.03 


9.02 ± 0.03 


8.26 ± 0.09 


4 


030 


NGC 0628 


+042-116 


0.41 


3.55 + 0.41 


0.26 + 0.05 


0.21 + 0.03 


8.97 + 0.04 


8.25 + 0.08 


4 


031 


NGC 0628 


-042-154 


0.51 


5.02 + 0.18 


0.92 ± 0.06 


0.48 ± 0.02 


8.85 + 0.02 


8.38 + 0.03 


4 


032 


NGC 0628 


-186+086 


0.72 


4.84 + 0.46 


0.45 ± 0.06 


0.31 ± 0.03 


8.85 + 0.05 


8.23 + 0.08 


4 


033 


NGC 0628 


-089+192 


0.71 


6.30 + 0.52 


0.46 ± 0.06 


0.31 + 0.03 


8.70 ± 0.06 


8.07 + 0.08 


4 


034 


NGC 0628 


H13 


0.71 


5.03 + 0.11 


0.70 + 0.03 


0.41 + 0.01 


8.84 + 0.01 


8.31 + 0.02 


5 


035 


NGC 0925 


CDTl 


0.03 


4.01 ±0.11 


0.39 ±0.02 


0.28 + 0.01 


8.93 + 0.01 


8.29 + 0.02 


5 


036 


NGC 0925 


CDT2 


0.02 


3.56 + 0.10 


0.50 + 0.02 


0.33 ± 0.01 


8.97 + 0.01 


8.40 ± 0.02 


5 


037 


NGC 0925 


CDT3 


0.04 


4.23 + 0.13 


0.44 + 0.02 


0.31 + 0.01 


8.91 + 0.01 


8.29 + 0.02 


5 


038 


NGC 0925 


CDT4 


0.14 


3.80 + 0.12 


0.35 ± 0.02 


0.26 + 0.01 


8.95 + 0.01 


8.28 + 0.02 


5 


039 


NGC 0925 


+002-002 


0.01 


2.73 + 0.08 


0.61 + 0.03 


0.38 ± 0.01 


9.04 + 0.01 


8.53 + 0.02 


3 


040 


NGC 0925 


-005+000 


0.02 


3.07 + 0.09 


0.29 ± 0.01 


0.23 ± 0.01 


9.01 + 0.01 


8.34 + 0.02 


3 


041 


NGC 0925 


-008+000 


0.03 


3.79 + 0.11 


0.32 + 0.01 


0.24 + 0.01 


8.95 + 0.01 


8.26 + 0.02 


3 


042 


NGC 0925 


+010-004 


0.04 


3.77 + 0.12 


0.28 + 0.01 


0.22 + 0.01 


8.95 + 0.01 


8.24 + 0.02 


3 


043 


NGC 0925 


+015-005 


0.05 


2.58 + 0.06 


0.63 ± 0.03 


0.38 ± 0.01 


9.04 + 0.01 


8.55 + 0.01 


3 


044 


NGC 0925 


+030-008 


0.10 


3.74 + 0.14 


0.17 + 0.01 


0.15 + 0.01 


8.95 + 0.01 


8.14 + 0.03 


3 


045 


NGC 0925 


+036-010 


0.12 


4.29 + 0.14 


0.26 + 0.01 


0.21 + 0.01 


8.90 + 0.01 


8.16 + 0.03 


3 


046 


NGC 0925 


+042-011 


0.14 


4.10 + 0.12 


0.45 ± 0.02 


0.31 + 0.01 


8.93 + 0.01 


8.31 + 0.02 


3 


047 


NGC 0925 


+087-031 


0.30 


5.73 + 0.18 


0.66 ± 0.04 


0.40 + 0.02 


8.77 + 0.02 


8.23 + 0.03 


3 


048 


NGC 0925 


-012-066 


0.40 


7.67 + 0.16 


2.02 + 0.10 


0.67 + 0.02 


8.60 + 0.02 


8.29 + 0.02 


3 


049 


NGC 0925 


-047-058 


0.41 


6.11 + 0.22 


0.34 ± 0.02 


0.25 + 0.01 


8.71 + 0.03 


8.01 + 0.04 


3 


050 


NGC 0925 


+135-016 


0.44 


6.84 + 0.21 


0.66 ± 0.04 


0.40 + 0.01 


8.65 + 0.02 


8.12 + 0.03 


3 


051 


NGC 0925 


-109+062 


0.44 


5.34 + 0.11 


1.13 + 0.05 


0.53 ± 0.01 


8.82 + 0.01 


8.39 + 0.02 


3 


052 


NGC 0925 


+137+011 


0.48 


6.53 + 0.22 


1.15 + 0.08 


0.53 ± 0.02 


8.70 ± 0.02 


8.28 + 0.03 


3 


053 


NGC 0925 


-137+056 


0.49 


5.88 + 0.17 


0.69 ± 0.04 


0.41 + 0.01 


8.76 ± 0.02 


8.23 + 0.03 


3 


054 


NGC 0925 


-145-006 


0.50 


6.81 + 0.12 


1.50 + 0.06 


0.60 + 0.01 


8.68 + 0.01 


8.31 + 0.01 


3 


055 


NGC 0925 


-080+087 


0.51 


6.81 + 0.24 


0.40 + 0.02 


0.29 ± 0.01 


8.64 + 0.03 


7.98 + 0.04 


3 


056 


NGC 0925 


-114+087 


0.55 


7.52 ± 0.26 


0.55 ± 0.03 


0.35 ± 0.01 


8.57 + 0.03 


b 


3 


057 


NGC 0925 


+161+015 


0.57 


6.00 + 0.20 


0.60 + 0.03 


0.38 ± 0.01 


8.74 ± 0.02 


8.18 + 0.03 


3 


058 


NGC 0925 


+174+018 


0.62 


5.76 + 0.29 


0.23 ± 0.02 


0.19 + 0.01 


8.74 ± 0.03 


7.96 ± 0.05 


3 


059 


NGC 0925 


+182+019 


0.65 


7.03 + 0.16 


1.86 + 0.10 


0.65 ± 0.02 


8.66 + 0.02 


8.33 + 0.02 


3 


060 


NGC 0925 


-187-017 


0.66 


6.74 + 0.14 


1.03 + 0.04 


0.51 + 0.01 


8.67 + 0.02 


8.24 + 0.02 


3 


061 


NGC 0925 


-192-018 


0.68 


7.42 ± 0.20 


1.09 + 0.06 


0.52 ± 0.02 


8.60 + 0.02 


8.19 + 0.03 


3 


062 


NGC 0925 


-192-018 


0.68 


7.31 + 0.15 


1.06 + 0.04 


0.51 + 0.01 


8.61 + 0.02 


8.19 + 0.02 


3 


063 


NGC 0925 


-198-013 


0.69 


7.86 + 0.19 


1.39 + 0.07 


0.58 ± 0.02 


8.56 + 0.02 


8.20 + 0.02 


3 


064 


NGC 0925 


+209-006 


0.69 


6.34 + 0.27 


0.37 + 0.02 


0.27 + 0.01 


8.69 + 0.03 


8.01 + 0.04 


3 


065 


NGC 0925 


-200-020 


0.71 


6.58 + 0.13 


1.11 + 0.05 


0.53 + 0.01 


8.69 + 0.02 


8.27 + 0.02 


3 


066 


NGC 0925 


+217-006 


0.72 


7.99 + 0.19 


1.59 + 0.09 


0.61 + 0.02 


8.55 + 0.02 


8.22 + 0.02 


3 


067 


NGC 0925 


+156-114 


0.73 


6.59 + 0.23 


0.51 + 0.03 


0.34 + 0.01 


8.67 + 0.03 


8.07 + 0.03 


3 


068 


NGC 0925 


-220+004 


0.73 


5.96 + 0.19 


0.50 + 0.03 


0.33 ± 0.01 


8.74 ± 0.02 


8.14 + 0.03 


3 


069 


NGC 0925 


+221-006 


0.73 


8.99 + 0.21 


2.73 + 0.17 


0.73 ± 0.02 


8.47 + 0.02 


8.23 + 0.02 


3 


070 


NGC 0925 


+052+130 


0.82 


7.88 + 0.20 


1.32 + 0.07 


0.57 + 0.02 


8.56 + 0.02 


8.19 + 0.03 


3 


071 


NGC 0925 


-250+019 


0.82 


6.10 + 0.14 


1.79 + 0.10 


0.64 + 0.02 


8.76 + 0.01 


8.40 ± 0.02 


3 


072 


NGC 0925 


+206-114 


0.82 


6.36 + 0.19 


0.88 ± 0.05 


0.47 + 0.02 


8.71 + 0.02 


8.24 + 0.03 


3 


073 


NGC 0925 


+019+143 


0.85 


8.88 + 0.20 


2.03 + 0.11 


0.67 ± 0.02 


8.47 + 0.02 


8.20 + 0.03=' 


3 


074 


NGC 0925 


-174+140 


0.87 


7.35 + 0.21 


1.00 + 0.06 


0.50 ± 0.02 


8.61 + 0.02 


8.18 + 0.03 


3 
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No. 
(1) 



Galaxy 

(2) 



Region p/p25 R23 O32 P 12 + log (0/H)kko4 

(3) (4) (5) (6) (7) (8) 



12 + log (O/H)pT05 

(9) 



075 


NGC 0925 


-262+011 


0.86 


7.40 ± 0.33 


0.56 ±0.04 


0.36 ±0.02 


8.58 ±0.04 


8.05 ± 0.04=' 


3 


076 


NOG 0925 


-272+016 


0.89 


6.92 + 0.27 


0.50 ±0.03 


0.34 ±0.02 


8.63 ±0.03 


8.04 ± 0.04 


3 


077 


NGG 0925 


-274+010 


0.90 


7.60 ± 0.20 


1.03 ± 0.05 


0.51 ± 0.02 


8.58 ±0.02 


8.16 ±0.03 


3 


078 


NGG 0925 


-285+023 


0.93 


6.88 + 0.25 


0.45 ± 0.03 


0.31 ± 0.01 


8.63 ±0.03 


8.01 ±0.04 


3 


079 


NGG 0925 


-159+162 


0.96 


6.29 + 0.30 


0.27 ±0.02 


0.21 ±0.01 


8.69 ±0.03 


7.93 ± 0.05 


3 


080 


NGG 0925 


-308+035 


1.00 


6.48 ± 0.25 


0.30 ±0.02 


0.23 ±0.01 


8.67 ±0.03 


7.94 ± 0.04 


3 


081 


NGG 0925 


-205-001 


0.69 


5.60 + 0.48 


1.04 ±0.18 


0.51 ± 0.09 


8.79 ± 0.04 


8.35 ±0.04 


6 


082 


NGG 0925 


-179-022 


0.65 


6.92 + 0.55 


0.92 ±0.15 


0.48 ± 0.08 


8.65 ±0.06 


8.20 ±0.04 


6 


083 


NGG 0925 


-236+017 


0.77 


7.36 + 0.81 


1.24 ±0.25 


0.55 ±0.12 


8.61 ±0.09 


8.22 ±0.05 


6 


084 


NGG 0925 


-259+007 


0.86 


7.09 ± 0.90 


1.73 ±0.39 


0.63 ±0.14 


8.66 ±0.09 


8.31 ±0.06 


6 


085 


NGG 0925 


+003-003 


0.02 


6.43 + 1.19 


0.60 ±0.26 


0.37 ±0.16 


8.69 ±0.12 


8.13 ±0.12 


6 


086 


NGG 0925 


-004-068 


0.40 


6.93 + 0.73 


2.98 ±0.50 


0.75 ±0.13 


8.70 ± 0.06 


8.39 ± 0.04 


6 


087 


NGG 0925 


-069+081 


0.47 


5.64 + 0.60 


0.44 ±0.11 


0.30 ±0.08 


8.77 ±0.06 


8.13 ±0.08 


6 


088 


NGG 0925 


+060-077 


0.44 


4.56 + 0.46 


0.82 ±0.18 


0.45 ±0.10 


8.89 ±0.04 


8.40 ± 0.05 


6 


089 


NGG 0925 


+029+134 


0.81 


7.84 + 1.59 


3.02 ±1.00 


0.75 ±0.25 


8.60 ±0.15 


8.33 ±0.10 


6 


090 


NGC 1097 


H130+9.0 KING 


0.03 


0.70 ±0.08 


0.27 ±0.05 


0.21 ± 0.04 


9.20 ±0.01 


8.62 ±0.04 


7 


091 


NGG 1097 


H130-9.0 RING 


0.03 


0.98 + 0.11 


0.25 ±0.05 


0.20 ±0.04 


9.17 ±0.01 


8.57 ±0.05 


7 


092 


NGG 1097 


H130-121.5 


0.43 


2.53 + 0.30 


0.49 ±0.13 


0.33 ± 0.08 


9.05 ±0.02 


8.51 ±0.06 


7 


093 


NGG 1097 


H139+8.2 RING 


0.03 


0.63 + 0.07 


0.27 ±0.05 


0.21 ± 0.04 


9.21 ±0.01 


8.64 ±0.04 


7 


094 


NGG 1097 


H139+49.2 


0.18 


1.05 + 0.18 


0.44 ±0.14 


0.30 ±0.09 


9.14 ±0.01 


8.66 ±0.07 


7 


095 


NGG 1097 


H139+55.2 


0.20 


1.28 + 0.22 


0.43 ±0.14 


0.30 ±0.08 


9.13 ±0.01 


8.63 ±0.08 


7 


096 


NGG 1097 


H139+107.9 


0.39 


1.45 + 0.25 


0.43 ±0.14 


0.30 ±0.08 


9.12 ±0.01 


8.61 ±0.08 


7 


097 


NGG 1097 


H139-9.0 


0.03 


0.80 + 0.10 


0.20 ±0.04 


0.16 ±0.03 


9.20 ±0.01 


8.56 ± 0.04 


7 


098 


NGG 1097 


H139-57.8 


0.21 


1.61 + 0.19 


0.43 ±0.11 


0.30 ±0.08 


9.11 ±0.01 


8.59 ± 0.06 


7 


099 


NGG 1097 


H139-70.8 


0.26 


1.00 + 0.19 


0.21 ±0.07 


0.17 ±0.05 


9.17 ±0.01 


8.54 ±0.07 


7 


100 


NGG 1097 


H139-100.8 


0.37 


1.96 + 0.25 


0.15 ±0.04 


0.13 ±0.03 


9.10 ±0.02 


8.35 ±0.06 


7 


101 


NGG 1097 


H139-112.8 


0.41 


1.76 + 0.22 


0.18 ±0.05 


0.15 ± 0.04 


9.12 ±0.02 


8.41 ±0.06 


7 


102 


NGG 1097 


H170+9.0 RING 


0.04 


0.82 + 0.09 


0.27 ±0.05 


0.22 ± 0.04 


9.18 ±0.01 


8.61 ±0.04 


7 


103 


NGG 1097 


H170-9.9 RING 


0.04 


0.76 ± 0.09 


0.22 ± 0.04 


0.18 ±0.03 


9.20 ±0.01 


8.58 ±0.04 


7 


104 


NGG 1097 


H170-83.7 


0.37 


2.69 + 0.32 


0.33 ± 0.09 


0.25 ±0.06 


9.04 ±0.02 


8.41 ±0.07 


7 


105 


NGC 1705 


Al 




7.75 ±0.53 


1.07 ±0.14 


0.52 ± 0.06 


8.38 ±0.05 


8.16 ±0.09 


8 


106 


NGG 1705 


A2 


0.13 


9.87 ±1.36 


1.93 ±0.51 


0.66 ±0.15 


8.42 ±0.11=' 


8.24 ± 0.08=^ 


8 


107 


NGG 1705 


A3 


0.22 


8.21 ±0.22 


2.23 ±0.13 


0.69 ± 0.03 


8.34 ±0.02 


8.08 ± 0.03 


8 


108 


NGG 1705 


A4 




7.54 ±1.34 


2.10 ±0.78 


0.68 ±0.19 


8.29 ±0.12 


8.00 ±0.20 


8 


109 


NGG 1705 


Bl 


0.19 


8.21 ±0.74 


1.05 ±0.19 


0.51 ± 0.08 


8.42 ± 0.06 


8.18 ±0.09=^ 


8 


110 


NGG 1705 


B2 




9.65 ±0.89 


1.03 ±0.19 


0.51 ± 0.08 


b 


b 


8 


111 


NGG 1705 


B3 




9.23 ±0.23 


2.37 ±0.10 


0.70 ±0.03 


8.42 ± 0.02 


8.20 ±0.02=' 


8 


112 


NGG 1705 


B4 




9.72 ± 0.77 


2.11 ±0.25 


0.68 ± 0.09 


8.42 ± 0.05=' 


b 


8 


113 


NGG 1705 


B5 




9.99 ±0.81 


1.86 ±0.28 


0.65 ± 0.09 


b 


b 


8 


114 


NGG 1705 


B6 


0.22 


10.06 ±0.31 


1.31 ±0.08 


0.57 ±0.03 


b 


b 


8 


115 


NGG 1705 


B7 




7.18 ±0.52 


1.72 ±0.24 


0.63 ± 0.08 


8.28 ±0.05 


7.99 ±0.07 


8 


116 


NGG 1705 


B8 




7.85 ± 0.98 


0.53 ±0.13 


0.35 ± 0.07 


8.45 ± 0.09 


8.06 ± 0.14=' 


8 


117 


NGG 1705 


Gl 




8.27 ±0.56 


1.06 ±0.14 


0.52 ± 0.06 


8.42 ±0.05 


8.18 ±0.05=' 


8 


118 


NGG 1705 


G2 


0.22 


8.81 ±0.61 


1.19 ±0.16 


0.54 ± 0.07 


8.45 ± 0.05=' 


b 


8 


119 


NGG 1705 


G3 




9.94 ±0.72 


1.44 ±0.20 


0.59 ± 0.07 


b 


b 


8 


120 


NGG 1705 


G4 




9.71 ±1.12 


1.76 ±0.39 


0.64 ±0.12 


8.43 ± 0.09=' 


b 


8 


121 


NGG 1705 


G6 




8.27 ±0.20 


1.74 ±0.07 


0.63 ±0.03 


8.37 ±0.02 


8.15 ±0.03 


8 


122 


NGC 2403 


-096+035 


0.17 


5.57 ±0.17 


0.86 ±0.05 


0.46 ±0.02 


8.79 ±0.02 


8.31 ±0.03 




123 


NGG 2403 


-045+055 


0.11 


3.58 ±0.12 


0.70 ± 0.04 


0.41 ±0.02 


8.97 ±0.01 


8.47 ±0.02 




124 


NGG 2403 


-186+045 


0.35 


4.77 ±0.14 


0.98 ±0.06 


0.49 ± 0.02 


8.87 ±0.01 


8.41 ±0.02 




125 


NGG 2403 


+010+032 


0.09 


4.12 ±0.13 


0.81 ±0.05 


0.45 ±0.02 


8.93 ±0.01 


8.44 ± 0.02 




126 


NGG 2403 


-133-146 


0.56 


7.18 ±0.19 


1.78 ±0.10 


0.64 ± 0.03 


8.65 ±0.02 


8.31 ±0.02 




127 


NGG 2403 


+063-049 


0.12 


2.69 ±0.24 


0.15 ±0.06 


0.13 ±0.05 


9.05 ±0.02 


8.25 ±0.06 




128 


NGG 2403 


+165+136 


0.60 


6.68 ±0.21 


2.23 ±0.15 


0.69 ± 0.03 


8.71 ±0.02 


8.38 ±0.02 




129 


NGG 2403 


+045+069 


0.23 


4.82 ±0.49 


0.32 ± 0.08 


0.24 ±0.06 


8.85 ±0.04 


8.14 ±0.08 




130 


NGG 2403 


-494+137 


0.91 


6.41 ±0.47 


0.58 ±0.11 


0.37 ±0.07 


8.69 ±0.05 


8.13 ±0.04 




131 


NGG 2403 


VS38 


0.09 


4.58 ±0.13 


1.08 ±0.06 


0.52 ± 0.02 


8.89 ±0.01 


8.45 ±0.02 


9 


132 


NGG 2403 


VS44 


0.26 


6.12 ±0.16 


1.66 ±0.09 


0.62 ± 0.03 


8.76 ± 0.02 


8.38 ±0.02 


9 


133 


NGG 2403 


VS9 


0.56 


7.54 ± 0.24 


2.43 ± 0.23 


0.71 ± 0.03 


8.62 ±0.03 


8.32 ± 0.03 


9 


134 


NGG 2403 


+186-177 


0.40 


8.19 ±0.17 


1.31 ±0.06 


0.57 ±0.02 


8.52 ±0.02 


8.18 ±0.02=' 


3 


135 


NGG 2403 


+178-203 


0.43 


4.99 ±0.09 


1.41 ±0.06 


0.59 ± 0.01 


8.86 ±0.01 


8.46 ±0.01 


3 


136 


NGG 2403 


+176-211 


0.44 


4.81 ±0.23 


0.15 ±0.01 


0.13 ±0.01 


8.84 ±0.02 


7.98 ± 0.04 


3 


137 


NGG 2403 


+166-229 


0.47 


6.01 ±0.17 


0.52 ±0.02 


0.34 ±0.01 


8.73 ± 0.02 


8.14 ±0.03 


3 


138 


NGG 2403 


+356-195 


0.64 


7.93 ±0.16 


1.05 ± 0.04 


0.51 ±0.01 


8.54 ±0.02 


b 


3 


139 


NGG 2403 


+360-190 


0.64 


5.08 ±0.16 


0.34 ±0.02 


0.25 ±0.01 


8.82 ±0.02 


8.13 ±0.03 


3 


140 


NGG 2403 


+377-163 


0.67 


6.13 ±0.14 


0.90 ±0.04 


0.47 ±0.01 


8.74 ±0.01 


8.26 ±0.02 


3 


141 


NGG 2403 


+376-106 


0.69 


6.97 ±0.13 


1.48 ±0.06 


0.60 ±0.01 


8.66 ±0.01 


8.29 ±0.02 


3 


142 


NGG 2403 


-377+104 


0.70 


5.66 ±0.14 


0.68 ± 0.03 


0.41 ±0.01 


8.78 ±0.02 


8.24 ±0.02 


3 


143 


NGG 2403 


-105-218 


0.68 


3.81 ±0.14 


0.57 ±0.03 


0.36 ± 0.02 


8.95 ±0.01 


8.40 ± 0.02 


3 


144 


NGG 2403 


-105-224 


0.69 


4.49 ±0.16 


0.29 ±0.01 


0.23 ±0.01 


8.88 ±0.02 


8.16 ±0.03 


3 


145 


NGG 2403 


-381+082 


0.72 


6.53 ±0.17 


0.77 ±0.04 


0.43 ± 0.01 


8.69 ±0.02 


8.19 ±0.03 


3 


146 


NGG 2403 


+383-056 


0.75 


6.44 ±0.15 


0.93 ± 0.04 


0.48 ±0.01 


8.70 ± 0.02 


8.24 ±0.02 


3 


147 


NGG 2403 


-104-256 


0.76 


5.55 ±0.18 


0.35 ± 0.02 


0.26 ±0.01 


8.78 ± 0.02 


8.09 ± 0.03 


3 


148 


NGG 2403 


-425-002 


0.90 


5.93 ±0.16 


0.65 ± 0.03 


0.39 ±0.01 


8.75 ± 0.02 


8.20 ±0.02 


3 
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No. 
(1) 



Galaxy 

(2) 



Region 

(3) 



P/P25 
(4) 



R23 

(5) 



O32 

(6) 



P 

(7) 



12 + log (0/H)kk()4 

(8) 



12 + log (O/H)pT05 

(9) 



NGC 2403 


-423-010 


NOG 2403 


-421-017 


NGG 2403 


VS35 


NGG 2403 


VS24 


NGG 2403 


VS38 


NGG 2403 


VS21 


NGG 2403 


VS28 


NGG 2403 


VS41 


NGG 2403 


VS44 


NGG 2403 


VS51 


NGG 2403 


VS3 


NGG 2403 


VS49 


NGG 2403 


VS48 


NGG 2403 


+010+032 


NGG 2403 


+063-049 


NGG 2403 


+045+069 


NGG 2403 


-133-146 


NGG 2403 


+165+136 


NGG 2403 


-494+137 



190 
191 
192 



DDU 
DDO 
DDO 
DDO 



053 
053 
053 



H4 
H5 

No.l 



0.91 


5.71 + 0.15 


0.82 + 0.04 


0.45 + 0.01 


8.78 + 0.02 


8.28 + 0.02 


0.92 


4.94 + 0.18 


0.14 + 0.01 


0.12 + 0.01 


8.83 + 0.02 


7.95 + 0.03 


0.08 


4.33 + 0.43 


0.76 + 0.14 


0.43 + 0.06 


8.91 + 0.04 


8.41 + 0.08 


0.09 


4.41 + 0.30 


0.82 + 0.11 


0.45 + 0.05 


8.90 + 0.03 


8.41 + 0.04 


0.09 


3.35 + 0.29 


0.75 + 0.12 


0.43 + 0.06 


8.99 + 0.02 


8.50 + 0.05 


0.18 


4.38 + 0.63 


0.25 + 0.05 


0.20 + 0.03 


8.89 + 0.07 


8.14 + 0.11 


0.19 


4.54 + 0.31 


1.48 + 0.19 


0.60 + 0.07 


8.90 + 0.02 


8.50 + 0.02 


0.23 


3.98 + 0.29 


1.00 + 0.15 


0.50 + 0.06 


8.94 + 0.02 


8.49 + 0.04 


0.26 


5.91 + 1.15 


1.11 + 0.45 


0.53 + 0.12 


8.76 + 0.12 


8.33 + 0.18 


0.33 


4.79 + 0.83 


1.10 + 0.40 


0.52 + 0.10 


8.87 + 0.08 


8.43 + 0.13 


0.35 


4.93 + 0.62 


1.18 + 0.31 


0.54 + 0.09 


8.86 + 0.06 


8.43 + 0.09 


0.51 


5.62 + 0.43 


1.56 + 0.24 


0.61 + 0.08 


8.80 + 0.04 


8.42 + 0.04 


0.51 


6.86 + 0.50 


1.72 + 0.24 


0.63 + 0.08 


8.68 + 0.05 


8.33 + 0.04 


0.09 


4.15 + 0.27 


0.81 + 0.10 


0.45 + 0.04 


8.93 + 0.02 


8.44 + 0.05 


0.12 


3.02 + 0.45 


0.17 + 0.04 


0.15 + 0.03 


9.02 + 0.04 


8.23 + 0.09 


0.23 


7.47 + 0.44 


1.07 + 0.13 


0.52 + 0.04 


8.59 + 0.05 


8.18 + 0.06 


0.56 


6.53 + 0.21 


2.67 + 0.29 


0.73 + 0.03 


8.73 + 0.02 


8.41 + 0.03 


0.60 


8.31 + 0.19 


2.56 + 0.19 


0.72 + 0.02 


8.54 + 0.02 


8.27 + 0.02 


0.91 


7.21 + 0.84 


0.75 + 0.18 


0.43 + 0.10 


8.61 + 0.09 


8.12 + 0.09 



168 


Holi 


m 


0.69 


6.01 ±0.22 


7.59 ±0.57 


0.88 ±0.05 


7.99 ± 0.02 


7.51 ±0.02 




169 


Ho II 


H3 


0.69 


6.40 + 0.22 


7.25 + 0.47 


0.88 ± 0.04 


8.03 ± 0.02 


7.57 ±0.03 




170 


Ho II 


H4 


0.69 


5.55 + 0.18 


2.00 + 0.13 


0.67 ±0.03 


8.09 ± 0.02 


7.72 ± 0.03 




171 


Ho II 


H5 


0.63 


6.65 + 0.21 


2.30 + 0.16 


0.70 ±0.04 


8.19 ±0.02 


7.85 ±0.03 




172 


Ho II 


H7 


0.20 


6.51 + 0.20 


2.97 + 0.19 


0.75 ± 0.04 


8.15 ±0.02 


7.77 ±0.03 




173 


Ho II 


H8 


0.18 


5.16 + 0.20 


0.76 + 0.06 


0.43 ± 0.03 


8.16 ±0.03 


7.73 ± 0.03 




174 


Ho II 


H9 


0.13 


6.79 + 0.22 


1.92 + 0.13 


0.66 ±0.03 


8.23 ±0.02 


7.91 ±0.03 




175 


Ho II 


Hll 


0.99 


5.93 + 0.18 


2.37 + 0.15 


0.70 ±0.03 


8.12 ±0.02 


7.74 ± 0.03 




176 


Ho II 


H13 


0.60 


5.32 + 0.18 


5.92 + 0.39 


0.86 ± 0.04 


7.94 ± 0.02 


7.47 ±0.02 




177 


Ho II 


HI 


0.69 


7.87 + 0.61 


0.78 + 0.12 


0.44 ±0.06 


8.42 ± 0.05 


8.13 ±0.06'' 


12 


178 


Ho II 


H2 


0.69 


5.12 + 0.33 


0.99 + 0.13 


0.50 ± 0.06 


8.12 ±0.04 


7.74 ± 0.05 


12 


179 


Ho II 


H3 


0.69 


3.96 + 0.26 


1.14 + 0.15 


0.53 ±0.06 


7.96 ± 0.03 


7.55 ±0.03 


12 


180 


Ho II 


H4 


0.69 


4.29 + 0.31 


0.74 + 0.11 


0.43 ± 0.05 


8.05 ± 0.05 


7.59 ± 0.05 


12 


181 


Ho II 


H5 


0.68 


5.40 + 0.32 


1.87 + 0.21 


0.65 ± 0.06 


8.08 ± 0.03 


7.71 ±0.04 


12 


182 


Ho II 


H6 


0.65 


5.39 + 0.29 


1.10 + 0.12 


0.52 ± 0.05 


8.14 ±0.03 


7.77 ±0.05 


12 


183 


Ho II 


H7 


0.65 


5.17 + 0.28 


1.20 + 0.13 


0.55 ± 0.05 


8.11 ±0.03 


7.73 ± 0.04 


12 


184 


Ho II 


H8 


0.65 


5.03 + 0.27 


1.32 + 0.14 


0.57 ±0.05 


8.08 ± 0.03 


7.70 ± 0.04 


12 


185 


Ho II 


H9 


0.63 


5.40 + 0.34 


2.77 + 0.32 


0.73 ± 0.08 


8.04 ± 0.03 


7.63 ± 0.04 


12 


186 


Ho II 


AA 




6.88 + 0.11 


1.87 + 0.08 


0.65 ±0.01 


8.24 ±0.01 


7.92 ±0.02 


13 


187 


Ho II 


AAl 




7.71 + 0.17 


2.69 + 0.14 


0.73 ± 0.02 


8.28 ±0.02 


7.96 ± 0.03 


13 


188 


Ho II 


AS 




6.85 + 0.11 


1.92 + 0.08 


0.66 ±0.01 


8.23 ±0.01 


7.92 ±0.02 


13 



iTwr 

0.65 
0.02 



5.42 ± 0.34 
3.24 ±0.19 
6.22 ± 0.44 
6.50 ±0.23 



4.59 ±0.53 
2.55 ±0.30 
21.37 ±2.49 
0.75 ± 0.05 



0.82 ±0.08 
0.72 ±0.07 
0.96 ±0.10 
0.43 ± 0.03 



7.98 ±0.04 
7.76 ± 0.03 
7.88 ± 0.04 
8.30 ±0.03 



7.53 ±0.04 
7.36 ± 0.03 
7.43 ± 0.04 
7.96 ± 0.04 



193 NGG 2841 


HK27 


194 NGG 2841 


HK51 


195 NGG 2841 


HK52 


196 NGG 2841 


HK62 


197 NGG 2841 


-042+086 



0.61 


1.56 + 0.17 


0.16 + 0.07 


0.14 + 0.06 


9.13 + 0.02 


8.42 + 0.07 


0.41 


0.79 + 0.15 


0.23 + 0.13 


0.19 + 0.10 


9.19 + 0.03 


8.59 + 0.09 


0.37 


0.48 + 0.09 


0.12 + 0.12 


0.10 + 0.10 


9.28 + 0.04 


8.53 + 0.09 


0.47 


0.96 + 0.08 


0.10 + 0.03 


0.09 + 0.03 


9.19 + 0.01 


8.44 + 0.04 


0.41 


0.81 + 0.18 


0.29 + 0.18 


0.22 + 0.14 


9.18 + 0.03 


8.62 + 0.11 



198 
199 
TDD" 
201 
202 
203 



NGG 
NGG 
Hoi 
Ho I 
Ho I 
Ho I 



2915 
2915 



HI 
HI 

~En — 

H3 
H5 
MH25 



10.74 + 1.29 
6.82 + 1.19 
6.23 ±0.23 
5.26 ±0.21 
6.05 ± 0.20 
5.97 ±1.38 



0.63 ±0.15 
0.55 ±0.17 
7.40 ±0.53 
2.39 ± 0.24 
2.95 ±0.20 
6.46 ±8.94 



0.39 ±0.08 
0.35 ±0.09 
0.88 ±0.05 
0.71 ± 0.04 
0.75 ± 0.04 
0.87 ±0.24 



8.36 ±0.12 
8.01 ±0.02 
8.04 ± 0.03 
8.10 ±0.02 
8.00 ±0.21 



7.98 ±0.20 
7.55 ±0.02 
7.64 ± 0.04 
7.71 ±0.03 
7.54 ±0.36 



"^DT" 
"2D5" 



NGG 



3D3r 



0952+095 
"U5I 



1.69 ±0.03 
3.50 ±0.29 

3.83 ±0.40 
5.91 ±0.30 
4.46 ± 0.29 

3.11 ±0.24 
3.50 ±0.25 
4.05 ±0.43 
1.87 ±0.40 

5.71 ±0.35 

3.12 ±0.15 
2.37 ±0.53 
1.94 ±0.25 
2.94 ±0.30 
3.55 ±0.28 

3.72 ± 0.30 
3.59 ±0.21 
2.91 ±0.20 
3.10 ±0.19 

2.84 ±0.17 



0.34 ±0.01 
0.41 ±0.06 
0.46 ± 0.08 
0.74 ±0.07 
0.31 ± 0.04 
0.40 ±0.06 
0.83 ±0.11 
0.21 ± 0.06 
0.35 ±0.18 
2.66 ± 0.54 
0.60 ± 0.06 
0.25 ±0.11 
0.49 ±0.16 
0.38 ± 0.08 
0.52 ± 0.08 
0.24 ±0.06 
0.77 ±0.09 
0.53 ±0.07 
1.05 ±0.13 
0.49 ± 0.06 



0.25 ±0.01 
0.29 ±0.04 
0.32 ± 0.04 
0.43 ± 0.03 
0.24 ± 0.03 
0.29 ± 0.04 
0.45 ± 0.05 
0.18 ±0.05 
0.26 ±0.13 
0.73 ± 0.05 
0.38 ± 0.03 
0.20 ±0.08 
0.33 ±0.11 
0.28 ± 0.05 
0.34 ± 0.04 
0.19 ±0.05 
0.43 ± 0.05 
0.35 ± 0.04 
0.51 ± 0.05 
0.33 ± 0.04 



9.11 ±0.01 
8.98 ±0.02 

8.95 ±0.03 
8.75 ± 0.04 
8.89 ±0.03 
9.01 ±0.02 
8.98 ±0.02 
8.92 ±0.04 
9.10 ±0.03 
8.81 ±0.04 

9.01 ±0.01 
9.07 ±0.03 
9.09 ± 0.02 

9.02 ± 0.02 
8.97 ±0.02 

8.96 ±0.03 

8.97 ±0.02 

9.02 ±0.01 
9.01 ±0.01 

9.03 ± 0.01 



8.54 ±0.01 
8.35 ±0.06 
8.35 ±0.07 
8.24 ±0.05 
8.18 ±0.05 

8.40 ± 0.05 

8.51 ±0.04 
8.14 ±0.08 

8.52 ±0.11 
8.48 ± 0.04 
8.48 ± 0.03 

8.39 ±0.13 

8.58 ±0.05 

8.41 ±0.06 

8.40 ± 0.05 
8.21 ±0.06 
8.48 ± 0.03 
8.48 ± 0.04 

8.59 ±0.03 
8.47 ±0.03 



0.34 
0.63 
0.66 
0.46 
0.39 
0.35 
0.35 
0.69 
0.39 
0.29 
0.35 
0.40 
0.34 
0.35 
0.36 
0.39 
0.39 
0.46 



206 


NGG 3031 


GS2 


207 


NGG 3031 


GS4 


208 


NGG 3031 


GS7 


209 


NGG 3031 


GS9 


210 


NGG 3031 


GSll 


211 


NGG 3031 


GS12 


212 


NGG 3031 


GS13 


213 


NGG 3031 


Mucnchl8 


214 


NGG 3031 


+107-291 


215 


NGG 3031 


HK472 


216 


NGG 3031 


HK230 


217 


NGG 3031 


HK152 


218 


NGG 3031 


HK343-50 


219 


NGG 3031 


HK453 


220 


NGG 3031 


HK305-12 


221 


NGG 3031 


HK268 


222 


NGG 3031 


HK500-9 


223 


NGG 3031 


HK652 
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No. 


Galaxy 


Region 


P/P25 


R23 


O32 


P 


12 + log (0/H)kk()4 


12 + log (O/H)pT05 


Ref. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


224 


NGC 3031 


HK712 


0.51 


4.52 + 0.26 


1.83 ±0.21 


0.65 ±0.06 


8.91 + 0.02 


8.53 + 0.02 


19 


225 


NOG 3031 


HK666-72 


0.50 


4.97 + 0.31 


0.89 ±0.11 


0.47 ± 0.04 


8.85 ±0.03 


8.37 ±0.05 


19 


226 


NGG 3031 


HK767 


0.63 


5.61 + 0.23 


0.84 ± 0.07 


0.46 ± 0.04 


8.79 ± 0.02 


8.30 ±0.02 


19 


227 


NGG 3031 


HK741-4 


0.66 


3.91 + 0.18 


0.38 ± 0.04 


0.28 ± 0.03 


8.94 ±0.02 


8.29 ±0.03 


19 


228 


NGG 3031 


HK105 


0.67 


4.63 + 0.56 


0.15 ±0.05 


0.13 ±0.04 


8.86 ±0.06 


7.99 ± 0.09 


19 


229 


NGG 3031 


MUNGH18 


0.69 


5.76 + 0.27 


2.62 ±0.38 


0.72 ± 0.04 


8.81 ±0.03 


8.47 ±0.03 


19 


230 


NGG 3031 


HK537 


0.76 


4.59 + 0.58 


0.35 ±0.10 


0.26 ± 0.07 


8.88 ±0.06 


8.20 ±0.10 


19 


231 


NGG 3031 


HK74 


0.61 


4.71 + 0.35 


0.56 ±0.08 


0.36 ± 0.04 


8.87 ±0.04 


8.29 ±0.06 


20 


232 


NGG 3031 


HK169 


0.39 


3.60 + 0.29 


0.29 ± 0.04 


0.23 ± 0.03 


8.97 ±0.03 


8.27 ±0.06 


20 


233 


NGG 3031 


HK305 


0.36 


3.50 + 0.25 


1.24 ±0.18 


0.55 ± 0.07 


8.98 ±0.02 


8.57 ±0.03 


20 


234 


NGG 3031 


HK361 


0.30 


4.19 + 0.32 


0.40 ±0.06 


0.28 ± 0.04 


8.92 ±0.03 


8.27 ±0.06 


20 


235 


NGG 3031 


HK385 


0.32 


3.05 ± 0.22 


0.69 ±0.10 


0.41 ± 0.05 


9.01 ±0.01 


8.52 ±0.04 


20 


236 


NGG 3031 


HK453 


0.35 


4.01 + 0.31 


0.41 ±0.06 


0.29 ± 0.04 


8.93 ±0.03 


8.30 ±0.05 


20 


237 


NGG 3031 


HK740 


0.60 


3.90 + 0.29 


0.50 ±0.07 


0.33 ± 0.04 


8.94 ±0.03 


8.36 ±0.05 


20 


238 


NGG 3031 


HK744 


0.65 


4.38 + 0.32 


0.53 ± 0.08 


0.35 ± 0.04 


8.90 ±0.03 


8.32 ± 0.05 


20 


239 


NGG 3031 


HK755 


0.64 


4.76 ± 0.35 


0.53 ± 0.07 


0.34 ±0.04 


8.86 ±0.04 


8.28 ± 0.06 


20 


240 


NGG 3031 


SB84 A 


0.49 


5.62 + 0.43 


2.27 ±0.32 


0.69 ±0.09 


8.81 ±0.04 


8.47 ±0.03 


20 


241 


Ho IX 


H3 




3. 08 ±0.16 


0.17 ±0.01 


0.14 ±0.01 


9.01 ±0.01 


8.22 ±0.03 


11 


242 


Ho IX 


H12 




3.88 + 0.29 


0.12 ±0.02 


0.11 ±0.02 


8.94 ±0.03 


8.06 ± 0.05 


11 


243 


M 81 Dw H 


MHl 


0.61 


6.69 ±0.89 


2.34 ± 0.64 


0.70 ±0.15 


8.20 ±0.10 


7.85 ±0.14 


17 


244 


NGC 3184 


-058-007 


0.28 


0.50 + 0.02 


0.27 ±0.03 


0.22 ±0.02 


9.24 ±0.01 


8.66 ±0.02 


3 


245 


NGG 3184 


-064-006 


0.30 


0.82 + 0.05 


0.30 ± 0.04 


0.23 ±0.03 


9.18 ±0.01 


8.63 ±0.03 


3 


246 


NGG 3184 


-080-005 


0.38 


0.91 + 0.03 


0.32 ±0.02 


0.25 ±0.01 


9.17 ±0.01 


8.63 ±0.01 


3 


247 


NGG 3184 


+085-004 


0.40 


1.20 + 0.06 


0.23 ±0.03 


0.18 ±0.02 


9.15 ±0.01 


8.53 ±0.02 


3 


248 


NGG 3184 


+079+035 


0.41 


0.87 + 0.04 


0.17 ±0.02 


0.15 ±0.01 


9.19 ±0.01 


8.53 ±0.02 


3 


249 


NGG 3184 


+059-079 


0.44 


1.40 ± 0.05 


0.16 ±0.01 


0.14 ±0.01 


9.14 ±0.01 


8.44 ±0.01 


3 


250 


NGG 3184 


+074+064 


0.47 


1.49 + 0.07 


0.35 ± 0.03 


0.26 ±0.02 


9.12 ±0.01 


8.57 ±0.02 


3 


251 


NGG 3184 


+092-093 


0.59 


1.81 + 0.07 


0.12 ±0.01 


0.11 ±0.01 


9.12 ±0.01 


8.34 ±0.02 


3 


252 


NGG 3184 


+005+135 


0.63 


3.67 + 0.11 


0.40 ± 0.02 


0.29 ±0.01 


8.96 ±0.01 


8.33 ±0.02 


3 


253 


NGG 3184 


-002+136 


0.63 


1.80 + 0.12 


0.11 ±0.02 


0.10 ±0.02 


9.12 ±0.01 


8.32 ±0.03 


3 


254 


NGG 3184 


-017+137 


0.64 


2.04 + 0.07 


0.21 ±0.01 


0.17 ±0.01 


9.09 ±0.01 


8.40 ± 0.02 


3 


255 


NGG 3184 


+111-102 


0.68 


5.03 ± 0.49 


0.28 ± 0.04 


0.22 ± 0.03 


8.83 ±0.05 


8.08 ± 0.09 


3 


256 


NGG 3184 


-119-121 


0.82 


2.60 + 0.12 


0.13 ±0.01 


0.12 ±0.01 


9.06 ±0.01 


8.24 ±0.03 


3 


257 


NGG 3184 


-113-127 


0.82 


5.59 + 0.11 


2.04 ±0.11 


0.67 ±0.02 


8.81 ±0.01 


8.46 ±0.01 


3 


258 


NGG 3184 


-101-137 


0.82 


3.55 + 0.13 


0.51 ± 0.03 


0.34 ± 0.02 


8.97 ±0.01 


8.40 ± 0.03 


3 


259 


NGG 3184 


-110-130 


0.82 


3.58 + 0.15 


0.33 ± 0.02 


0.25 ±0.01 


8.97 ±0.01 


8.30 ± 0.03 


3 


260 


NGG 3184 


-095-142 


0.82 


4.58 + 0.12 


0.86 ± 0.04 


0.46 ± 0.01 


8.89 ±0.01 


8.41 ± 0.02 


3 


261 


NGG 3184 


+106-020 


0.50 


1.76 + 0.23 


0.15 ±0.06 


0.13 ±0.05 


9.12 ±0.02 


8.38 ±0.07 


6 


262 


NGG 3184 


+106-020 


0.50 


2.27 + 0.23 


0.09 ±0.02 


0.08 ±0.02 


9.09 ± 0.02 


8.24 ±0.05 


6 


263 


NGG 3184 


+000+068 


0.32 


0.97 + 0.11 


0.23 ±0.08 


0.19 ±0.06 


9.17 ±0.02 


8.56 ±0.05 


6 


264 


NGG 3184 


-008+073 


0.34 


1.66 + 0.23 


0.27 ±0.10 


0.21 ±0.08 


9.12 ±0.02 


8.49 ± 0.07 


6 


265 


NGG 3184 


-020-097 


0.47 


2.13 + 0.26 


0.25 ±0.11 


0.20 ±0.09 


9.08 ± 0.02 


8.42 ±0.07 


6 


266 


NGG 3184 


-011+078 


0.36 


1.56 + 0.21 


0.23 ±0.09 


0.19 ±0.07 


9.13 ±0.02 


8.48 ± 0.07 


6 


267 


NGG 3184 


-012-089 


0.42 


1.66 + 0.29 


0.11 ±0.05 


0.10 ±0.04 


9.13 ±0.02 


8.35 ±0.07 


6 


268 


NGG 3184 


-059-041 


0.35 


0.89 + 0.09 


0.19 ±0.05 


0.16 ±0.04 


9.19 ±0.01 


8.54 ±0.04 


6 


269 


NGG 3184 


-075-087 


0.56 


1.75 + 0.19 


0.46 ±0.10 


0.31 ± 0.06 


9.10 ±0.01 


8.59 ±0.05 


6 


270 


NGG 3184 


-172-041 


0.84 


5.93 + 0.53 


0.92 ±0.17 


0.48 ± 0.09 


8.76 ±0.05 


8.29 ±0.04 


6 


271 


NGG 3184 


-067-039 


0.37 


0.97 + 0.07 


0.12 ±0.03 


0.11 ±0.02 


9.19 ±0.01 


8.47 ±0.03 


4 


272 


NGG 3184 


-020-095 


0.46 


2.01 + 0.22 


0.32 ± 0.07 


0.24 ±0.04 


9.09 ±0.01 


8.49 ± 0.05 


4 


273 


NGG 3184 


-077+093 


0.54 


4.05 + 0.66 


0.16 ±0.04 


0.14 ±0.03 


8.92 ±0.06 


8.09 ±0.12 


4 


274 


NGG 3184 


+070+091 


0.55 


2.46 ± 0.32 


0.30 ±0.06 


0.23 ± 0.04 


9.06 ±0.02 


8.41 ±0.08 


4 


275 


NGG 3184 


+073-147 


0.74 


3.31 + 0.41 


0.45 ± 0.08 


0.31 ± 0.04 


8.99 ±0.03 


8.40 ± 0.09 


4 


276 


NGC 3198 


-066-111 


0.52 


6.20 ±0.90 


0.80 ±0.25 


0.45 ±0.14 


8.73 ±0.10 


8.23 ±0.08 


6 


277 


NGG 3198 


-089-110 


0.56 


5.45 ± 0.60 


0.96 ± 0.21 


0.49 ±0.11 


8.81 ±0.05 


8.34 ±0.04 


6 


278 


NGG 3198 


-041-045 


0.25 


3.95 ±0.42 


0.57 ±0.15 


0.36 ±0.10 


8.94 ±0.03 


8.38 ±0.05 


6 


279 


NGG 3198 


-040-009 


0.34 


5.54 ±0.72 


0.75 ±0.21 


0.43 ±0.11 


8.79 ±0.07 


8.28 ±0.08 


6 


280 


NGG 3198 


-060-007 


0.54 


7.40 ±1.80 


1.39 ±0.61 


0.58 ± 0.27 


8.61 ±0.16 


8.24 ±0.10 


6 


281 


NGG 3198 


+030-030 


0.48 


5.42 ± 0.49 


1.11 ±0.19 


0.53 ±0.10 


8.81 ±0.04 


8.38 ±0.03 


6 


282 


NGG 3198 


+071+046 


0.48 


4.04 ±0.27 


0.49 ± 0.08 


0.33 ± 0.06 


8.93 ±0.02 


8.33 ±0.04 


6 


283 


NGG 3198 


+038+044 


0.24 


2.13 ±0.33 


0.20 ±0.09 


0.16 ±0.08 


9.09 ± 0.02 


8.37 ±0.09 


6 


284 


NGG 3198 


+083+150 


0.70 


6.18 ±0.50 


0.63 ±0.11 


0.39 ± 0.07 


8.72 ± 0.05 


8.17 ±0.06 


6 


285 


NGG 3198 


+093+152 


0.71 


5.23 ±0.66 


0.59 ±0.19 


0.37 ±0.12 


8.82 ±0.06 


8.26 ±0.06 


6 


286 


NGG 3198 


+009+113 


0.76 


8.34 ±1.03 


1.35 ±0.30 


0.57 ±0.14 


8.51 ±0.10 


8.19 ±0.08=^ 


6 


287 


NGG 3198 


+016+118 


0.75 


6.55 ±0.66 


0.26 ± 0.09 


0.21 ±0.07 


8.66 ±0.07 


7.89 ± 0.09 


6 


288 


NGG 3198 


+026+126 


0.75 


8.97 ±1.41 


1.27 ±0.37 


0.56 ±0.17 


8.45 ±0.11=^ 


8.21 ±0.11=' 


6 


289 


NGG 3198 


+036+131 


0.73 


6.77 ±0.79 


0.84 ±0.21 


0.46 ±0.12 


8.66 ±0.08 


8.19 ±0.06 


6 


290 


IG 2574 


HI 


0.69 


7.04 ± 0.45 


5.12 ±0.59 


0.84 + 0.08 


8.14 ±0.04 


7.71 ±0.05 


11 


291 


IG 2574 


H2 


0.81 


5.48 ± 0.32 


1.91 ±0.22 


0.66 + 0.06 


8.09 ± 0.04 


7.72 ± 0.05 


11 


292 


IG 2574 


H3 


0.74 


7.33 ± 0.48 


5.87 ±0.68 


0.85 ± 0.08 


8.15 ±0.04 


7.72 ± 0.05 


11 


293 


IG 2574 


H5 


0.85 


7.56 ±0.47 


4.21 ±0.49 


0.81 ± 0.08 


8.21 ±0.04 


7.82 ±0.06 


11 


294 


IG 2574 


H6 


0.88 


7.01 ±0.43 


3.66 ± 0.43 


0.79 ± 0.08 


8.18 ±0.04 


7.78 ± 0.05 


11 


295 


IG 2574 


H8 


0.92 


6.80 ±0.43 


4.40 ±0.51 


0.81 ± 0.08 


8.14 ±0.04 


7.72 ± 0.05 


11 


296 


IG 2574 


H9 


0.83 


6.03 ± 0.37 


3.28 ±0.40 


0.77 + 0.07 


8.09 ± 0.04 


7.68 ± 0.05 


11 


297 


IG 2574 


HIO 


0.90 


6.33 ±0.39 


3.58 ±0.43 


0.78 ± 0.08 


8.11 ±0.04 


7.70 ± 0.05 


11 


298 


IG 2574 


Hll 


0.98 


5.66 ±0.33 


1.65 ±0.20 


0.62 ± 0.06 


8.13 ±0.04 


7.77 ±0.05 


11 


299 


IG 2574 


H13 


0.95 


6.20 ±0.39 


3.98 ± 0.46 


0.80 + 0.08 


8.09 ± 0.03 


7.66 ± 0.04 


11 
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No. 


Galaxy 


Region 


P/P25 ^23 


O32 


P 


12 + log (O/H)kk04 


12 + log (O/H)pT05 


Ref. 


(1) 


(2) 


(3) 


(4) (5) 


(6) 


(7) 


(8) 


(9) 


(10) 


300 


IC 2574 


MH167 


0.91 7.93 + 0.98 


5.01 + 1.19 


0.83 ±0.16 


8.23 + 0.08 


7.83 + 0.12 


17 


301 


IC 2574 


MH198 


0.85 7.59 + 0.87 


1.71 + 0.40 


0.63 ±0.12 


8.31 ±0.08 


8.05 ±0.15 


17 


302 


IC 2574 


MH242 


0.82 6.75 + 0.77 


1.64 + 0.39 


0.62 ±0.11 


8.24 ±0.08 


7.93 ±0.12 


17 


303 


IC 2574 


IIA 




7.10 + 0.18 


1.76 + 0.10 


0.64 ±0.02 


8.27 ±0.02 


7.97 ±0.03 


13 


304 


IC 2574 


IIS 




7.14 + 0.16 


2.03 + 0.11 


0.67 ±0.02 


8.25 ±0.02 


7.94 ± 0.03 


13 


305 


IC 2574 


IIAA 




7.87 + 0.26 


2.04 + 0.15 


0.67 ±0.03 


8.32 ±0.02 


8.05 ± 0.05 


13 


306 


IC 2574 


IIAB 




7.41 + 0.12 


2.30 + 0.10 


0.70 ±0.02 


8.27 ±0.01 


7.95 ± 0.03 


13 


307 


IC 2574 


IIIA 




7.49 + 0.27 


1.14 + 0.08 


0.53 ± 0.03 


8.35 ±0.03 


8.11 ±0.05 


13 


308 


IC 2574 


IIIB 




8.67 + 0.41 


1.23 + 0.12 


0.55 ± 0.04 


8.44 ± 0.04 


b 


13 


309 


IC 2574 


IIIC 




7.66 + 0.57 


0.41 + 0.06 


0.29 ± 0.04 


8.46 ± 0.05 


b 


13 


310 


IC 2574 


HIS 




7.71 + 0.25 


0.94 + 0.06 


0.49 ±0.02 


8.39 ±0.03 


8.15 ±0.04=" 


13 


311 


Mrk 33 


Ml 




6.01 ± 1.34 


0.55 + 0.22 


0.35 ±0.12 


8.74 ±0.14 


8.15 ±0.20 


21 


312 


NGC 3351 


HI 


03 0.59 + 0.05 


0.29 + 0.03 


0.23 ±0.02 


9.22 ±0.01 


8.65 ±0.03 


22 


313 


NGC 3351 


R2 


0.02 0.41 + 0.02 


0.78 ± 0.09 


0.44 ±0.03 


9.23 ±0.01 


8.83 ±0.02 


22 


314 


NGC 3351 


R3 


0.03 0.44 ± 0.03 


0.31 ± 0.04 


0.24 ±0.02 


9.25 ±0.01 


8.69 ± 0.02 


22 


315 


NGC 3351 


R4 


0.02 0.38 + 0.03 


0.39 ± 0.06 


0.28 ±0.04 


9.27 ±0.01 


8.73 ± 0.03 


22 


316 


NGC 3351 


R5 


0.03 1.04 + 0.08 


0.99 + 0.15 


0.50 ±0.06 


9.12 ±0.01 


8.79 ±0.02 


22 


317 


NGC 3351 


H34 


0.31 0.49 + 0.02 


0.25 + 0.02 


0.20 ±0.01 


9.25 ±0.01 


8.64 ±0.01 


23 


318 


NGC 3351 


H19 


0.33 0.42 + 0.02 


0.23 ± 0.02 


0.18 ±0.01 


9.27 ±0.01 


8.63 ±0.01 


23 


319 


NGC 3351 


PR2 


0.02 0.65 + 0.03 


0.33 ± 0.02 


0.25 ± 0.02 


9.20 ±0.01 


8.67 ±0.01 


23 


320 


NGC 3351 


PR3 


0.03 0.46 ± 0.02 


0.25 ± 0.02 


0.20 ±0.01 


9.25 ±0.01 


8.64 ±0.01 


23 


321 


NGC 3351 


PR7 


0.03 0.41 + 0.02 


0.37 + 0.03 


0.27 ±0.02 


9.26 ±0.01 


8.72 ±0.01 


23 


322 


NGC 3351 


PRl 


0.03 0.56 + 0.02 


0.28 + 0.02 


0.22 ±0.01 


9.23 ±0.01 


8.65 ±0.01 


23 


323 


NGC 3351 


HK45 


0.31 0.42 + 0.05 


0.31 + 0.10 


0.24 ± 0.07 


9.26 ±0.03 


8.69 ±0.05 


1 


324 


NGC 3351 


HK80 


0.67 1.27 + 0.06 


0.22 + 0.02 


0.18 ±0.02 


9.15 ±0.01 


8.51 ±0.02 


1 


325 


NGC 3351 


HKlOl 


0.58 0.67 + 0.05 


0.20 + 0.04 


0.16 ±0.03 


9.22 ±0.01 


8.58 ±0.03 


1 


326 


NGC 3351 


HK109 


0.74 1.69 + 0.07 


0.23 + 0.02 


0.19 ±0.01 


9.12 ±0.01 


8.47 ±0.02 


1 


327 


NGC 3351 


+029-192 


0.95 3.21 + 0.14 


0.41 ± 0.03 


0.29 ±0.02 


9.00 ±0.01 


8.39 ±0.03 


1 


328 


NGC 3351 


+023+067 


0.32 0.42 + 0.16 


0.33 ± 0.32 


0.25 ± 0.23 


9.26 ±0.05 


8.70 ±0.12 


15 


329 


NGC 3351 


+000+068 


0.32 0.51 + 0.17 


0.22 ± 0.24 


0.18 ±0.19 


9.25 ±0.05 


8.62 ±0.11 


15 


330 


NGC 3351 


HK80 


0.67 1.22 + 0.13 


0.28 + 0.08 


0.22 ± 0.07 


9.14 ±0.01 


8.56 ±0.06 


15 


331 


NGC 3351 


HKlOl 


0.58 0.75 + 0.13 


0.19 + 0.12 


0.16 ±0.10 


9.20 ±0.03 


8.56 ± 0.09 


15 


332 


NGC 3351 


HK109 


0.74 1.42 + 0.13 


0.27 + 0.07 


0.21 ± 0.06 


9.13 ±0.01 


8.53 ± 0.04 


15 


333 


NGC 3351 


-001+006 


0.03 0.49 + 0.13 


0.12 + 0.18 


0.11 ±0.16 


9.27 ±0.04 


8.53 ±0.10 


15 


334 


NGC 3351 


-004-006 


0.03 0.42 ± 0.05 


0.26 ± 0.07 


0.21 ± 0.05 


9.27 ±0.02 


8.66 ±0.05 


4 


335 


NGC 3351 


-088-026 


0.58 0.59 + 0.19 


0.40 + 0.23 


0.28 ±0.15 


9.20 ±0.03 


8.71 ±0.11 


4 


336 


NGC 3351 


-058-135 


0.67 1.16 + 0.13 


0.24 ± 0.04 


0.20 ±0.02 


9.15 ±0.01 


8.54 ±0.04 


4 


337 


NGC 3521 


+013+097 


0.39 2.99 ±0.38 


0.58 ±0.18 


0.37 ±0.11 


9.02 ± 0.03 


8.49 ± 0.05 


1 


338 


NGC 3521 


-005+080 


0.27 1.39 + 0.17 


0.17 ±0.06 


0.14 ±0.05 


9.14 ±0.01 


8.45 ± 0.06 


1 


339 


NGC 3521 


-048+047 


0.29 2.57 + 0.23 


0.17 ±0.04 


0.14 ±0.04 


9.06 ± 0.02 


8.29 ±0.05 


1 


340 


NGC 3521 


+013+097 


0.39 3.35 + 0.46 


0.77 ±0.23 


0.44 ±0.14 


8.99 ±0.03 


8.51 ±0.05 


6 


341 


NGC 3521 


-005+080 


0.27 1.46 + 0.18 


0.23 ± 0.08 


0.18 ±0.07 


9.13 ±0.02 


8.49 ± 0.06 


6 


342 


NGC 3521 


-048+047 


0.29 2.70 + 0.24 


0.23 ±0.06 


0.19 ±0.04 


9.04 ± 0.02 


8.33 ± 0.06 


6 


343 


NGC 3521 


-048+043 


0.29 2.88 + 0.37 


0.43 ±0.13 


0.30 ±0.09 


9.03 ± 0.03 


8.44 ± 0.07 


6 


344 


NGC 3521 


-010-025 


0.13 1.88 + 0.25 


0.06 ± 0.02 


0.06 ± 0.02 


9.12 ±0.02 


8.25 ±0.05 


6 


345 


NGC 3521 


+040-035 


0.24 1.47 + 0.11 


0.20 ±0.04 


0.16 ±0.04 


9.13 ±0.01 


8.46 ± 0.04 


6 


346 


NGC 3521 


+034-097 


0.31 2.92 + 0.35 


0.14 ±0.06 


0.12 ±0.05 


9.03 ± 0.03 


8.20 ±0.08 


6 


347 


NGC 3521 


-033-118 


0.56 8.22 + 1.03 


1.01 ±0.25 


0.50 ±0.13 


8.51 ±0.10 


8.17 ±0.08^ 


6 


348 


NGC 3521 


+062-170 


0.55 4.96 + 0.75 


0.43 ±0.16 


0.30 ±0.11 


8.84 ±0.07 


8.20 ±0.11 


6 


349 


NGC 3521 


-048+031 


0.29 1.72 + 0.32 


0.12 ±0.05 


0.11 ±0.04 


9.12 ±0.02 


8.36 ±0.08 


6 


350 


NGC 3621 


P1A2 


0.32 6.98 + 0.47 


0.63 ±0.08 


0.39 ± 0.04 


8.63 ±0.06 


8.09 ±0.07 


24 


351 


NGC 3621 


P1A3 


0.19 4.62 + 0.38 


0.24 ± 0.03 


0.19 ±0.02 


8.87 ±0.04 


8.10 ±0.07 


24 


352 


NGC 3621 


P1A4 


0.21 4.14 + 0.28 


0.59 ± 0.07 


0.37 ±0.04 


8.92 ±0.03 


8.37 ±0.05 


24 


353 


NGC 3621 


P1A6 


0.12 2.48 + 0.23 


0.25 ± 0.06 


0.20 ±0.05 


9.06 ± 0.02 


8.38 ±0.05 


24 


354 


NGC 3621 


P1A7 


0.19 3.74 + 0.30 


0.31 ± 0.04 


0.24 ±0.03 


8.96 ±0.03 


8.26 ± 0.06 


24 


355 


NGC 3621 


P1A8 


0.19 2.96 + 0.30 


0.42 ±0.11 


0.29 ±0.08 


9.02 ± 0.02 


8.42 ± 0.05 


24 


356 


NGC 3621 


P1A9 


0.35 6.13 + 0.39 


0.87 ±0.11 


0.47 ± 0.04 


8.73 ± 0.04 


8.26 ± 0.06 


24 


357 


NGC 3621 


P2A1 


0.39 5.09 + 0.39 


0.34 ± 0.04 


0.25 ± 0.03 


8.82 ±0.05 


8.13 ±0.06 


24 


358 


NGC 3621 


P2A2 


0.23 4.63 + 0.35 


0.37 ± 0.05 


0.27 ±0.03 


8.87 ±0.04 


8.20 ±0.07 


24 


359 


NGC 3621 


P2A3 


0.16 5.38 + 0.51 


0.26 ± 0.07 


0.21 ±0.05 


8.79 ±0.05 


8.03 ±0.07 


24 


360 


NGC 3621 


P2A6 


0.09 1.28 + 0.31 


0.28 ±0.11 


0.22 ± 0.08 


9.14 ±0.02 


8.55 ±0.11 


24 


361 


NGC 3621 


P2A7 


0.26 4.18 + 0.28 


0.60 ±0.07 


0.38 ± 0.04 


8.92 ±0.03 


8.37 ±0.05 


24 


362 


NGC 3621 


S1A3 


0.19 3.28 + 0.26 


0.33 ± 0.04 


0.25 ± 0.03 


9.00 ± 0.02 


8.33 ±0.05 


24 


363 


NGC 3621 


S1A4 


0.39 5.63 + 0.33 


1.51 ±0.18 


0.60 ±0.06 


8.80 ±0.03 


8.41 ±0.03 


24 


364 


NGC 3621 


S2A1 


0.39 5.30 + 0.42 


0.28 ± 0.03 


0.22 ± 0.02 


8.80 ±0.04 


8.06 ±0.07 


24 


365 


NGC 3621 


S2A2 


0.23 4.21 + 0.34 


0.28 ±0.03 


0.22 ±0.02 


8.91 ±0.03 


8.19 ±0.07 


24 


366 


NGC 3621 


S2A3 


0.10 2.19 + 0.19 


0.13 ±0.02 


0.11 ±0.02 


9.09 ±0.01 


8.30 ±0.04 


24 


367 


NGC 3621 


S2A4 


0.19 3.58 + 0.34 


0.17 ±0.05 


0.15 ±0.04 


8.97 ±0.03 


8.16 ±0.06 


24 


368 


NGC 3621 


S3A1 


0.66 6.97 + 0.45 


0.79 ±0.10 


0.44 ± 0.04 


8.64 ±0.05 


8.15 ±0.07 


24 


369 


NGC 3621 


S3A2 


0.65 8.53 + 0.57 


0.69 ± 0.09 


0.41 ± 0.04 


8.47 ±0.06=^ 


b 


24 


370 


NGC 3621 


S4A2 


0.39 7.98 + 0.48 


1.20 ±0.15 


0.55 ±0.05 


8.54 ±0.05 


8.17 ±0.06=" 


24 


371 


NGC 3621 


S5A1 


0.22 2.64 + 0.19 


0.43 ± 0.05 


0.30 ±0.03 


9.04 ±0.01 


8.47 ±0.04 


24 


372 


NGC 3621 


S5A2 


0.20 4.96 + 0.33 


0.65 ± 0.08 


0.39 ± 0.04 


8.85 ±0.03 


8.30 ± 0.06 


24 


373 


NGC 3621 


S5A3 


0.21 3.88 + 0.27 


0.53 ±0.07 


0.35 ± 0.04 


8.95 ±0.02 


8.37 ±0.05 


24 


374 


NGC 3621 


+025+068 


0.28 3.03 + 0.20 


0.46 ± 0.07 


0.32 ± 0.05 


9.02 ± 0.02 


8.44 ± 0.04 


6 
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No. 


Galaxy 


Region 


P/P25 


R23 


O32 


P 


12 + log (0/H)kk()4 


12 + log (O/H)pT05 


Ref. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


375 


NGC 3621 


-010+095 


0.28 


2.45 + 0.27 


0.48 ±0.12 


0.32 ±0.08 


9.06 + 0.02 


8.51 + 0.06 


6 


376 


NOG 3621 


+061-015 


0.27 


4.91 + 0.41 


0.55 ±0.11 


0.36 ± 0.07 


8.85 ±0.04 


8.27 ±0.05 


6 


377 


NGG 3621 


+026-037 


0.13 


2.04 + 0.21 


0.14 ±0.05 


0.12 ±0.05 


9.10 ±0.02 


8.33 ± 0.06 


6 


378 


NGG 3621 


+067-058 


0.30 


3.69 + 0.27 


0.20 ± 0.04 


0.17 ±0.03 


8.96 ±0.03 


8.18 ±0.05 


6 


379 


NGG 3621 


+029-018 


0.13 


3.23 + 0.28 


0.23 ± 0.07 


0.19 ±0.06 


9.00 ± 0.03 


8.26 ±0.06 


6 


380 


NGG 3621 


+091-068 


0.40 


4.97 + 0.68 


1.10 ±0.29 


0.52 ±0.15 


8.86 ±0.06 


8.42 ± 0.04 


6 


381 


NGC 4254 


M142 


0.13 


0.43 ±0.09 


0.33 ±0.15 


0.25 ±0.11 


9.26 ±0.03 


8.70 ± 0.08 


25 


382 


NGG 4254 


H78 


0.24 


0.93 + 0.15 


0.06 ± 0.06 


0.06 ± 0.06 


9.21 ±0.02 


8.39 ±0.06 


25 


383 


NGG 4254 


H173 


0.25 


0.72 ± 0.07 


0.15 ±0.05 


0.13 ±0.04 


9.22 ±0.01 


8.52 ±0.04 


25 


384 


NGG 4254 


H134 


0.42 


1.65 + 0.13 


0.16 ±0.02 


0.14 ±0.02 


9.13 ±0.01 


8.41 ±0.04 


25 


385 


NGG 4254 


H185 


0.53 


1.93 + 0.32 


0.33 ± 0.08 


0.25 ± 0.05 


9.09 ±0.02 


8.50 ±0.08 


25 


386 


NGG 4254 


H184 


0.62 


3.05 ± 0.24 


0.61 ±0.08 


0.38 ± 0.04 


9.01 ±0.02 


8.50 ±0.05 


25 


387 


NGG 4254 


H84 


0.64 


3.73 ± 0.44 


0.21 ± 0.04 


0.17 ±0.03 


8.95 ±0.04 


8.18 ±0.08 


25 


388 


NGG 4254 


H22 


0.80 


4.33 + 0.15 


0.33 ± 0.02 


0.25 ±0.01 


8.90 ±0.01 


8.21 ±0.03 


25 


389 


NGG 4254 


H12 


0.86 


3.85 + 0.51 


0.17 ±0.04 


0.15 ±0.03 


8.94 ±0.05 


8.12 ±0.09 


25 


390 


NGG 4254 


HK20 


0.58 


2.45 + 0.31 


0.25 ± 0.05 


0.20 ±0.03 


9.06 ± 0.02 


8.38 ±0.07 


26 


391 


NGG 4254 


HKl 


0.74 


3.05 ± 0.33 


0.48 ± 0.09 


0.32 ± 0.05 


9.01 ±0.02 


8.44 ± 0.07 


26 


392 


NGG 4254 


HK208 


0.82 


2.22 + 0.28 


0.24 ± 0.04 


0.19 ±0.03 


9.08 ± 0.02 


8.40 ± 0.06 


26 


393 


NGG 4254 


+013+006 


0.10 


0.47 + 0.09 


0.15 ±0.05 


0.13 ±0.04 


9.27 ±0.02 


8.56 ±0.05 


4 


394 


NGG 4254 


-005+042 


0.27 


1.23 + 0.14 


0.09 ± 0.04 


0.08 ± 0.03 


9.17 ±0.01 


8.38 ±0.05 


4 


395 


NGG 4254 


+055-042 


0.49 


1.98 + 0.25 


0.49 ±0.10 


0.33 ± 0.05 


9.08 ±0.01 


8.57 ±0.06 


4 


396 


NGG 4254 


-047-075 


0.55 


2.01 + 0.19 


0.26 ± 0.04 


0.21 ±0.03 


9.09 ±0.01 


8.44 ± 0.05 


4 


397 


NGG 4254 


+093+039 


0.67 


3.08 + 0.41 


0.31 ±0.09 


0.24 ±0.07 


9.01 ±0.03 


8.35 ±0.08 


4 


398 


NGG 4254 


+102+015 


0.71 


3.30 + 0.34 


0.35 ± 0.05 


0.26 ±0.03 


8.99 ±0.03 


8.35 ±0.07 


4 


399 


NGG 4321 


HK160 


0.31 


1.27 + 0.22 


0.20 ±0.09 


0.17 ±0.07 


9.15 ±0.02 


8.50 ±0.09 


26 


400 


NGG 4321 


HK143 


0.48 


1.39 + 0.19 


0.35 ±0.10 


0.26 ± 0.07 


9.13 ±0.01 


8.58 ± 0.06 


26 


401 


NGG 4321 


HK201 


0.74 


3.36 + 0.45 


0.29 ±0.08 


0.23 ± 0.06 


8.99 ±0.04 


8.30 ±0.09 


26 


402 


NGG 4321 


HK284 


0.67 


2.51 + 0.31 


0.34 ±0.07 


0.26 ± 0.04 


9.05 ± 0.02 


8.44 ± 0.07 


26 


403 


NGG 4321 


HK128 


0.68 


2.30 + 0.30 


0.23 ± 0.04 


0.19 ±0.03 


9.07 ±0.02 


8.38 ±0.07 


26 


404 


NGG 4321 


-051+091 


0.53 


0.83 + 0.11 


0.12 ±0.03 


0.11 ±0.03 


9.21 ±0.01 


8.48 ± 0.04 


4 


405 


NGG 4321 


+032-074 


0.41 


0.78 + 0.10 


0.09 ± 0.02 


0.08 ± 0.02 


9.22 ±0.01 


8.45 ± 0.03 


4 


406 


NGG 4321 


-114+010 


0.59 


1.63 + 0.17 


0.14 ±0.02 


0.13 ±0.01 


9.13 ±0.01 


8.39 ±0.04 


4 


407 


NGG 4321 


+034+145 


0.68 


1.87 + 0.23 


0.17 ±0.04 


0.15 ±0.03 


9.11 ±0.01 


8.38 ±0.06 


4 


408 


NGC 4559 


+011-008 


0.06 


3.76 ±0.35 


0.38 ±0.09 


0.28 ±0.06 


8.95 ±0.03 


8.31 ±0.06 


6 


409 


NGG 4559 


-026+103 


0.40 


6.04 ±0.47 


0.98 ±0.15 


0.50 ± 0.08 


8.75 ±0.04 


8.29 ±0.04 


6 


410 


NGG 4559 


-043+117 


0.42 


6.02 ±0.65 


1.23 ±0.25 


0.55 ±0.11 


8.76 ± 0.06 


8.34 ±0.05 


6 


411 


NGG 4559 


-074-094 


0.97 


6.42 ± 0.63 


1.64 ±0.29 


0.62 ±0.11 


8.72 ± 0.06 


8.36 ±0.04 


6 


412 


NGG 4559 


+135-092 


0.76 


5.59 ±0.51 


0.46 ±0.11 


0.32 ± 0.07 


8.78 ±0.05 


8.15 ±0.06 


6 


413 


NGG 4559 


+129-113 


0.69 


5.09 ±0.65 


0.54 ±0.14 


0.35 ± 0.08 


8.83 ±0.06 


8.25 ±0.10 


6 


414 


NGG 4559 


+128-112 


0.69 


6.60 ±1.91 


1.16 ±0.64 


0.54 ±0.32 


8.69 ±0.17 


8.28 ±0.10 


6 


415 


NGG 4559 


+124-114 


0.66 


7.35 ±0.91 


1.02 ±0.25 


0.50 ±0.12 


8.61 ±0.09 


8.18 ±0.07 


6 


416 


NGG 4559 


+102-153 


0.58 


6.34 ±0.60 


2.62 ±0.40 


0.72 ±0.12 


8.75 ±0.06 


8.43 ± 0.03 


6 


417 


NGG 4559 


+098-193 


0.68 


5.91 ±0.57 


0.46 ±0.12 


0.31 ± 0.08 


8.74 ± 0.06 


8.11 ±0.06 


6 


418 


NGG 4559 


+095-191 


0.67 


7.81 ±0.77 


1.46 ±0.26 


0.59 ±0.11 


8.57 ±0.07 


8.22 ±0.05 


6 


419 


NGG 4559 


-111+184 


0.67 


6.98 ±0.65 


0.58 ±0.13 


0.37 ±0.08 


8.63 ±0.07 


8.07 ±0.06 


6 


420 


NGG 4559 


-116+187 


0.69 


7.27 ±0.69 


0.42 ±0.11 


0.30 ±0.08 


8.59 ±0.07 


7.98 ±0.11=' 


6 


421 


NGG 4559 


-081+170 


0.60 


8.39 ±1.06 


1.00 ±0.25 


0.50 ±0.13 


8.49 ±0.12 


8.18 ±0.08=' 


6 


422 


NGG 4559 


-085+173 


0.61 


10.63 ±1.54 


0.80 ±0.25 


0.44 ±0.15 


b 


b 


6 


423 


NGG 4559 


-077+167 


0.59 


8.61 ±1.18 


0.60 ± 0.20 


0.38 ±0.13 


8.47 ±0.09=' 


b 


6 


424 


NGG 4559 


+062-051 


0.34 


4.99 ±0.42 


0.92 ±0.16 


0.48 ± 0.08 


8.85 ±0.04 


8.38 ±0.04 


6 


425 


NGG 4559 


+041-074 


0.26 


5.22 ±0.32 


0.74 ±0.10 


0.43 ± 0.06 


8.82 ±0.03 


8.31 ±0.03 


6 


426 


NGG 4559 


-014-017 


0.18 


4.07 ±0.33 


0.38 ± 0.08 


0.28 ± 0.06 


8.93 ±0.03 


8.27 ±0.05 


6 


427 


NGG 4559 


-016+004 


0.11 


3.69 ±0.29 


0.37 ±0.07 


0.27 ±0.05 


8.96 ±0.03 


8.31 ±0.05 


6 


428 


NGC 4725 


+ 101+042 


0.39 


1.03 ±0.10 


0.14 ±0.04 


0.13 ±0.04 


9.18 ±0.01 


8.48 ±0.05 


6 


429 


NGG 4725 


+050+125 


0.43 


0.94 ±0.10 


0.18 ±0.06 


0.15 ±0.05 


9.18 ±0.01 


8.52 ±0.05 


6 


430 


NGG 4725 


-120-095 


0.50 


2.18 ±0.26 


0.20 ±0.07 


0.17 ±0.06 


9.08 ±0.02 


8.37 ±0.07 


6 


431 


NGG 4725 


-066-127 


0.45 


1.17±0.16 


0.09 ± 0.02 


0.09 ± 0.02 


9.17 ±0.01 


8.40 ± 0.05 


6 


432 


NGG 4725 


-047-120 


0.41 


3.89 ±0.78 


0.22 ± 0.09 


0.18 ±0.07 


8.94 ±0.07 


8.17 ±0.15 


6 


433 


NGG 4725 


+040+124 


0.42 


2.11 ±0.20 


0.21 ±0.06 


0.17 ±0.05 


9.09 ±0.01 


8.39 ±0.05 


6 


434 


NGG 4725 


+020+123 


0.43 


1.58 ±0.25 


0.09 ± 0.06 


0.08 ± 0.06 


9.14 ±0.02 


8.33 ± 0.08 


6 


435 


NGG 4725 


+122+010 


0.49 


2.87 ±0.30 


0.10 ±0.02 


0.09 ± 0.02 


9.03 ± 0.02 


8.16 ±0.06 


6 


436 


NGC 4736 


HK8 


0.12 


3.23 ±0.12 


0.57 ±0.03 


0.36 ±0.02 


9.00 ±0.01 


8.46 ± 0.02 


1 


437 


NGG 4736 


HK45 


0.10 


2.19 ±0.09 


0.26 ±0.02 


0.21 ±0.02 


9.08 ±0.01 


8.42 ± 0.02 


1 


438 


NGG 4736 


HK52 


0.12 


2.07 ±0.09 


0.20 ±0.01 


0.16 ±0.01 


9.09 ±0.01 


8.38 ±0.02 


1 


439 


NGG 4736 


HK53 


0.13 


2.93 ±0.10 


0.44 ±0.03 


0.31 ±0.01 


9.02 ±0.01 


8.44 ± 0.02 


1 


440 


NGG 4736 


+116-038 


0.36 


2.88 ±0.13 


0.20 ± 0.03 


0.17 ±0.03 


9.03 ±0.01 


8.28 ±0.03 


15 


441 


NGG 4736 


+123-055 


0.40 


3.16 ±0.19 


0.32 ± 0.04 


0.24 ±0.03 


9.01 ±0.02 


8.34 ±0.04 


15 


442 


NGG 4736 


+037+009 


0.12 


3.05 ±0.15 


0.60 ±0.06 


0.38 ± 0.03 


9.01 ±0.01 


8.49 ± 0.03 


15 


443 


NGG 4736 


+037+003 


0.11 


2.70 ±0.12 


0.32 ± 0.04 


0.24 ±0.03 


9.04 ±0.01 


8.40 ± 0.03 


15 


444 


NGG 4736 


+032-016 


0.11 


2.78 ± 0.27 


0.27 ±0.05 


0.21 ± 0.04 


9.04 ±0.02 


8.35 ±0.06 


15 


445 


NGG 4736 


-029+014 


0.10 


2.14 ±0.14 


0.26 ±0.05 


0.21 ± 0.04 


9.08 ±0.01 


8.43 ± 0.04 


15 


446 


NGG 4736 


-036-003 


0.11 


3.64 ±0.16 


0.20 ± 0.03 


0.17 ±0.02 


8.96 ±0.01 


8.19 ±0.03 


15 


447 


NGG 4736 


-038+009 


0.12 


2.01 ±0.14 


0.21 ±0.05 


0.17 ±0.04 


9.10 ±0.01 


8.40 ± 0.04 


15 


448 


NGG 4736 


-039+020 


0.13 


3.00 ±0.13 


0.34 ± 0.04 


0.25 ±0.03 


9.02 ±0.01 


8.37 ±0.03 


15 


449 


NGG 4736 


-039+017 


0.13 


2.55 ±0.37 


0.45 ±0.10 


0.31 ±0.05 


9.05 ± 0.02 


8.49 ± 0.08 


4 
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TABLE 10 — Continued 








No. 


Galaxy 


Region 


P/P25 


R23 


O32 


P 


12 + log (O/H)kk04 


12 + log (O/H)pT05 


Ref. 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


450 


NGC 4736 


+040+010 


0.13 


2.63 + 0.24 


0.31 ±0.05 


0.24 ±0.03 


9.05 + 0.02 


8.40 ± 0.05 


4 


451 


DDO 154 


H'l 


0.28 


4.57 ±0.15 


1.84 ±0.13 


0.65 ±0.03 


7.99 ± 0.02 


7.60 ±0.02 


27 


452 


DDO 154 


H3 


0.41 


3.72 + 0.22 


0.69 ± 0.08 


0.41 ± 0.04 


7.98 ± 0.04 


7.49 ± 0.03 


27 


453 


DDO 154 


HI 


0.90 


4.65 + 0.14 


1.45 ±0.09 


0.59 ± 0.03 


8.02 ± 0.02 


7.64 ± 0.02 


28 


454 


DDO 154 


H2 


0.41 


4.17 + 0.17 


0.40 ±0.03 


0.29 ± 0.02 


8.10 ±0.03 


7.45 ± 0.03 


28 


455 


NGC 4826 


-006+016 


0.09 


0.49 ±0.14 


0.10 ±0.19 


0.09 ±0.17 


9.28 ±0.05 


8.51 ±0.11 


15 


456 


NGC 4826 


-012+019 


0.10 


0.46 ±0.14 


0.18 ±0.22 


0.15 ±0.19 


9.27 ±0.05 


8.59 ±0.12 


15 


457 


NGC 4826 


-017+020 


0.11 


0.59 ±0.14 


0.32 ±0.20 


0.24 ±0.15 


9.21 ±0.04 


8.67 ±0.10 


15 


458 


NGC 4826 


+008+012 


0.09 


0.77 ±0.15 


0.17 ±0.13 


0.15 ±0.11 


9.20 ±0.03 


8.54 ±0.09 


15 


459 


NGC 4826 


+015+011 


0.11 


0.49 ±0.14 


0.24 ±0.21 


0.19 ±0.17 


9.25 ±0.05 


8.63 ±0.11 


15 


460 


DDO 165 


H4 


0.55 


4.44 ± 0.51 


0.97 ±0.22 


0.49 ±0.09 


8.04 ±0.07 


7.63 ±0.08 


11 


461 


NGC 5033 


+ 144-155 


1.00 


4.77 ±0.25 


0.34 ± 0.05 


0.25 ± 0.04 


8.86 ±0.02 


8.17 ±0.04 


6 


462 


NGC 5033 


+028-215 


0.68 


5.78 ± 0.34 


0.43 ± 0.07 


0.30 ±0.05 


8.75 ±0.04 


8.11 ±0.04 


6 


463 


NGC 5033 


+022-217 


0.69 


8.11 ±0.63 


0.25 ± 0.06 


0.20 ±0.05 


8.51 ± 0.04=^ 


b 


6 


464 


NGC 5033 


+052-097 


0.41 


4.92 ±0.41 


0.32 ± 0.08 


0.24 ±0.06 


8.84 ±0.04 


8.13 ±0.06 


6 


465 


NGC 5033 


-065+013 


0.45 


3.88 ±0.28 


0.49 ± 0.09 


0.33 ± 0.06 


8.95 ±0.02 


8.36 ±0.04 


6 


466 


NGC 5033 


-065-001 


0.46 


4.54 ±0.76 


0.18 ±0.07 


0.15 ±0.06 


8.87 ±0.08 


8.04 ±0.14 


6 


467 


NGC 5033 


-066-033 


0.51 


5.40 ± 0.64 


0.46 ±0.14 


0.31 ±0.10 


8.80 ±0.06 


8.17 ±0.08 


6 


468 


NGC 5033 


-014+028 


0.11 


0.79 ± 0.09 


0.55 ±0.15 


0.35 ±0.10 


9.16 ±0.02 


8.74 ± 0.04 


6 


469 


NGC 5055 


-089-010 


0.27 


0.79 ±0.14 


0.15 ±0.05 


0.13 ±0.05 


9.20 ±0.02 


8.52 ±0.07 


4 


470 


NGC 5055 


-112-034 


0.40 


1.09 ±0.36 


0.24 ±0.12 


0.20 ±0.08 


9.16 ±0.02 


8.55 ±0.12 


4 


471 


NGC 5055 


+050-088 


0.39 


2.33 ± 0.34 


0.08 ± 0.02 


0.08 ± 0.02 


9.08 ± 0.03 


8.22 ±0.06 


4 


472 


NGC 5055 


-165+034 


0.45 


1.41 ±0.18 


0.18 ±0.03 


0.15 ±0.03 


9.14 ±0.01 


8.45 ±0.05 


4 


473 


NGC 5055 


-270+068 


0.74 


3.83 ±0.46 


0.22 ±0.06 


0.18 ±0.05 


8.95 ±0.04 


8.18 ±0.10 


4 


474 


NGC 5194 


CCMIO 


0.47 


1.42 ±0.09 


0.13 ±0.01 


0.11 ±0.01 


9.15 ±0.01 


8.40 ± 0.02 


29 


475 


NGC 5194 


CCM53 


0.47 


1.73 ±0.09 


0.34 ±0.03 


0.26 ± 0.02 


9.11 ±0.01 


8.53 ±0.03 


29 


476 


NGC 5194 


CCM54 


0.49 


1.70 ±0.09 


0.48 ± 0.04 


0.33 ± 0.02 


9.10 ±0.01 


8.60 ±0.02 


29 


477 


NGC 5194 


CCM55 


0.48 


1.03 ±0.05 


0.33 ± 0.03 


0.25 ± 0.02 


9.15 ±0.01 


8.61 ±0.02 


29 


478 


NGC 5194 


CCM57 


0.47 


1.35 ±0.08 


0.19 ±0.02 


0.16 ±0.01 


9.14 ±0.01 


8.47 ±0.02 


29 


479 


NGC 5194 


CCM57A 


0.43 


3.29 ±0.15 


2.16 ±0.19 


0.68 ± 0.05 


8.99 ±0.01 


8.66 ±0.01 


29 


480 


NGC 5194 


CCM71A 


0.71 


2.09 ± 0.04 


0.42 ± 0.02 


0.30 ±0.02 


9.08 ±0.01 


8.53 ±0.01 


29 


481 


NGC 5194 


CCM72 


0.38 


0.72 ±0.06 


0.14 ±0.02 


0.12 ±0.01 


9.22 ±0.01 


8.52 ±0.02 


29 


482 


NGC 5194 


CCM84A 


0.38 


2.38 ±0.14 


0.91 ±0.10 


0.48 ± 0.04 


9.05 ±0.01 


8.64 ±0.03 


29 


483 


NGC 5194 


P203 


0.18 


0.39 ±0.02 


0.20 ±0.02 


0.17 ±0.01 


9.29 ±0.01 


8.62 ±0.02 


29 


484 


NGC 5194 


CCM6A 


0.10 


0.21 ±0.01 


0.26 ±0.02 


0.21 ±0.02 


9.39 ±0.01 


8.68 ±0.01 


29 


485 


NGC 5194 


CCM37A 


0.11 


0.22 ±0.01 


0.28 ± 0.03 


0.22 ± 0.02 


9.38 ±0.01 


8.70 ± 0.02 


29 


486 


NGC 5194 


CCM45 


0.26 


0.38 ±0.02 


0.12 ±0.01 


0.11 ±0.01 


9.31 ±0.01 


8.55 ±0.02 


29 


487 


NGC 5194 


CCM56 


0.21 


0.37 ±0.02 


0.31 ± 0.04 


0.23 ± 0.03 


9.28 ±0.01 


8.69 ±0.02 


29 


488 


NGC 5194 


CCM107 


0.17 


0.23 ±0.01 


0.13 ±0.01 


0.11 ±0.01 


9.39 ±0.01 


8.58 ±0.01 


29 


489 


NGC 5194 


CCM72 


0.38 


0.78 ± 0.03 


0.16 ±0.01 


0.14 ±0.01 


9.20 ±0.01 


8.53 ±0.01 


30 


490 


NGC 5194 


CCMIO 


0.47 


1.89 ±0.12 


0.16 ±0.02 


0.14 ±0.02 


9.11 ±0.01 


8.38 ±0.03 


30 


491 


NGC 5194 


CCM37a 


0.11 


0.45 ±0.11 


0.18 ±0.16 


0.16 ±0.13 


9.27 ±0.05 


8.60 ±0.11 


1 


492 


NGC 5194 


CCMIO 


0.47 


1.24 ±0.06 


0.17 ±0.02 


0.15 ±0.02 


9.16 ±0.01 


8.47 ±0.03 


1 


493 


NGC 5194 


CCM72 


0.38 


0.65 ±0.03 


0.14 ±0.01 


0.12 ±0.01 


9.23 ±0.01 


8.53 ±0.02 


1 


494 


NGC 5194 


CCM55 


0.48 


1.10 ±0.05 


0.25 ± 0.03 


0.20 ±0.02 


9.16 ±0.01 


8.56 ±0.02 


1 


495 


NGC 5194 


CCM53 


0.47 


1.28 ±0.06 


0.23 ±0.02 


0.19 ±0.02 


9.14 ±0.01 


8.52 ±0.02 


1 


496 


NGC 5194 


CCM84 


0.25 


1.18 ±0.23 


0.42 ± 0.20 


0.30 ±0.14 


9.14 ±0.02 


8.64 ±0.08 


1 


497 


NGC 5194 


CCM91 


0.40 


1.99 ±0.18 


0.27 ±0.06 


0.21 ± 0.05 


9.09 ±0.01 


8.45 ± 0.05 


1 


498 


NGC 5194 


CCM71a 


0.71 


2.37 ±0.11 


0.42 ± 0.03 


0.30 ±0.02 


9.06 ±0.01 


8.50 ±0.02 


1 


499 


NGC 5194 


CCM68 


0.42 


0.98 ±0.10 


0.08 ± 0.05 


0.07 ± 0.05 


9.20 ±0.02 


8.41 ±0.06 


1 


500 


NGC 5194 


X 




1.47 ±0.18 


0.28 ±0.12 


0.22 ± 0.09 


9.13 ±0.02 


8.53 ±0.07 


31 


501 


NGC 5194 


CCM72 


0.38 


0.68 ±0.07 


0.11 ±0.05 


0.10 ±0.04 


9.23 ±0.02 


8.49 ± 0.05 


31 


502 


NGC 5194 


CCM24 




1.25 ±0.14 


0.22 ±0.13 


0.18 ±0.11 


9.15 ±0.02 


8.52 ±0.08 


31 


503 


NGC 5194 


CCMIO 


0.47 


1.89 ±0.12 


0.16 ±0.02 


0.14 ±0.02 


9.11 ±0.01 


8.38 ± 0.03 


31 


504 


NGC 5194 


-007+061 


0.18 


0.45 ±0.06 


0.21 ±0.05 


0.17 ±0.04 


9.27 ±0.02 


8.62 ±0.05 


4 


505 


NGC 5194 


-087-082 


0.37 


0.59 ±0.07 


0.15 ±0.04 


0.13 ±0.03 


9.24 ±0.02 


8.55 ±0.04 


4 


506 


NGC 5194 


-137-182 


0.71 


2.86 ±0.60 


0.25 ± 0.07 


0.20 ±0.04 


9.03 ± 0.04 


8.33 ±0.14 


4 


507 


NGC 5194 


-007-303 


0.91 


3.64 ±0.42 


0.63 ±0.14 


0.39 ±0.07 


8.97 ±0.03 


8.44 ± 0.09 


4 


508 


NGC 5408 


Ml 




8.71 ±0.79 


9.49 ±1.34 


0.90 ±0.12 


8.23 ±0.06 


7.81 ±0.09 


32 


509 


NGC 6822 


H12 


0.20 


5.43 ±0.07 


0.22 ±0.01 


0.18 ±0.01 


8.78 ±0.01 


7.98 ±0.01 


33 


510 


NGC 6822 


HUBBLEIII SE RING 


0.98 


7.37 ±0.09 


1.12 ±0.03 


0.53 ±0.01 


8.61 ±0.01 


8.20 ±0.01 


33 


511 


NGC 6822 


HUBBLEIII NW ARC 


0.98 


6.15 ±0.13 


0.68 ± 0.03 


0.41 ±0.01 


8.73 ±0.01 


8.20 ±0.02 


33 


512 


NGC 6822 


HUBBLEIII NW RING 


0.98 


5.16 ±0.08 


0.59 ±0.02 


0.37 ±0.01 


8.83 ±0.01 


8.26 ±0.01 


33 


513 


NGC 6822 


HUBBLEV BLUE 


0.73 


8.33 ±0.07 


4.91 ±0.06 


0.83 ± 0.01 


8.57 ±0.01 


8.33 ±0.01 


33 


514 


NGC 6822 


KBETA BLUE 


0.88 


8.91 ±0.06 


3.41 ±0.05 


0.77 ±0.01 


8.49 ±0.01 


8.26 ±0.01 


33 


515 


NGC 6822 


KD22E 


0.72 


5.64 ±0.07 


0.19 ±0.01 


0.16 ±0.01 


8.75 ±0.01 


7.93 ±0.01 


33 


516 


NGC 6822 


KD28E BLUE 


0.08 


7.97 ±0.04 


2.32 ±0.02 


0.70 ±0.01 


8.57 ±0.01 


8.28 ±0.01 


33 


517 


NGC 6822 


HK16 


0.58 


5.75 ± 0.35 


0.16 ±0.03 


0.14 ±0.02 


8.74 ± 0.04 


7.87 ±0.05 


33 


518 


NGC 6822 


HK42 


0.62 


9.70 ± 0.59 


0.74 ± 0.08 


0.42 ± 0.04 


b 


b 


33 


519 


NGC 6822 


HK70 


0.11 


10.75 ± 0.44 


1.20 ±0.11 


0.55 ± 0.03 


b 


b 


33 


520 


NGC 6822 


H7 


0.29 


7.37 ±0.31 


0.55 ±0.06 


0.36 ± 0.04 


8.58 ± 0.03 


8.05 ± 0.03=" 


33 


521 


NGC 6822 


H12 


0.20 


6.11 ±0.24 


0.14 ±0.01 


0.12 ±0.01 


8.69 ± 0.03 


7.81 ±0.04 


33 


522 


NGC 6822 


HUBBLEV LOW 


0.73 


8.62 ±0.25 


5.69 ± 0.34 


0.85 ± 0.04 


8.55 ±0.02 


8.33 ±0.02 


33 


523 


NGC 6822 


KBETA LOW 


0.88 


6.65 ±0.86 


0.16 ±0.04 


0.14 ±0.03 


8.63 ±0.11 


7.76 ±0.13 


33 


524 


NGC 6822 


KD9 


0.59 


4.88 ±0.39 


0.29 ± 0.05 


0.23 ± 0.04 


8.84 ±0.04 


8.12 ±0.07 


33 
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No. 
(1) 



Galaxy 

(2) 



Region p/P25 R23 O32 P 12 + log (O/H)kk04 

(3) (4) (5) (6) (7) (8) 



12 + log (O/H)pT05 

(9) 



525 
526 
527 
528 
529 
530 



~53r" 
532 
533 
534 
535 
536 
537 
538 



NGC 
NGC 
NGC 
NGC 
NGC 
NGC 



6822 
6822 
6822 
6822 
6822 
6822 



KD21 

KD24 

KD25 

KD28E LOW 

HUBBLEV 

HUBBLEX 



NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 



WW 

6946 

6946 

6946 

6946 

6946 

6946 

6946 



l''GW6946A 

FGW6946B 

-008+066 

+144-003 

+182+103 

-128+146 

-245+055 

-099-261 



0.76 
0.04 
0.26 
0.08 



5.69 + 0.26 

8.37 + 0.90 
5.83 + 0.18 

8.38 + 0.14 
8.08 + 0.06 
7.15 + 0.07 



0.33 + 0.02 
0.03 + 0.01 
0.08 + 0.01 
1.74 + 0.06 
7.64 + 0.14 
3.88 + 0.10 



0.25 + 0.01 
0.03 + 0.01 
0.08 + 0.01 
0.64 + 0.02 
0.88 + 0.01 
0.79 + 0.01 



8.76 + 0.03 

b 

8.72 + 0.02 
8.52 + 0.02 
8.63 + 0.01 
8.68 + 0.01 



0.66 
0.22 
0.45 
0.61 
0.67 
0.81 
0.86 



4.69 + 0.18 
2.59 + 0.15 
1.73 + 0.22 

2.03 + 0.33 
5.44 + 0.30 
3.26 + 0.30 

3.04 + 0.44 
4.18 + 0.24 



0.91 + 0.07 
0.23 + 0.02 
0.19 + 0.04 
0.20 + 0.05 
0.94 + 0.10 
0.38 + 0.05 
0.46 + 0.10 
0.42 + 0.04 



0.48 + 0.02 
0.19 + 0.01 
0.16 + 0.04 
0.17 + 0.04 
0.48 + 0.03 
0.28 + 0.03 
0.32 + 0.05 
0.30 + 0.02 



8.88 + 0.02 
9.05 + 0.01 
9.12 + 0.01 
9.09 + 0.02 
8.81 + 0.03 

9.00 + 0.02 

9.01 + 0.03 
8.92 + 0.02 



8.05 + 0.04 

b 

7.75 + 0.03 
8.21 + 0.01 
8.38 + 0.01 
8.40 + 0.01 



8.41 + 0.03 
8.34 + 0.03 

8.42 + 0.06 
8.39 + 0.08 
8.34 + 0.05 
8.37 + 0.06 
8.44 + 0.10 
8.28 + 0.04 



2 
4 
4 
4 
4 
4 
4 

1 

1 
1 

15 
15 
15 
15 
15 
15 

"3B" 
4 
4 
4 
4 
4 
36 
36 
36 
36 
36 
36 



"539" 
540 
541 
542 
543 
544 
545 
546 
547 
548 



NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 



733r 

7331 

7331 

7331 

7331 

7331 

7331 

7331 

7331 

7331 



HK95 

HK98 

HKlOl 

HK40 

-032-016 

-028+018 

-028+013 

-031+024 

-034+037 

-032+027 



0.38 
0.32 
0.48 
0.36 
0.27 
0.28 
0.30 
0.32 
0.31 



2.68 + 0.23 
2.70 + 0.17 
2.42 + 0.24 

3.76 + 0.18 

2.77 + 0.21 
1.83 + 0.16 
2.52 + 0.37 
2.72 + 0.17 
2.96 + 0.19 
1.70 + 0.19 



0.19 + 0.04 
0.16 + 0.03 
0.21 + 0.06 
0.50 + 0.04 
0.35 + 0.05 
0.24 + 0.06 
0.32 + 0.09 
0.30 + 0.04 
0.18 + 0.04 
0.15 + 0.06 



0.16 + 0.04 
0.14 + 0.02 
0.17 + 0.05 
0.34 + 0.03 
0.26 + 0.04 
0.19 + 0.05 
0.24 + 0.06 
0.23 + 0.03 
0.15 + 0.03 
0.13 + 0.05 



9.05 + 0.02 
9.05 + 0.01 
9.07 + 0.02 
8.96 + 0.02 

9.04 + 0.02 

9.11 + 0.01 

9.05 + 0.03 
9.04 + 0.01 
9.02 + 0.02 

9.12 + 0.02 



8.30 + 0.05 
8.27 + 0.04 
8.35 + 0.06 

8.37 + 0.03 

8.41 + 0.04 
8.45 + 0.05 

8.42 + 0.08 

8.38 + 0.03 
8.25 + 0.04 

8.39 + 0.07 



"515" 
"5SD" 
551 
552 
553 
554 
555 
556 
557 
558 
559 
560 
561 



"NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 
NGC 



7532" 

T7W 

7793 

7793 

7793 

7793 

7793 

7793 

7793 

7793 

7793 

7793 

7793 



"En 

"WTT 

-010+033 

-075-024 

-104+035 

-173+102 

+092+098 

NUCLEUS 

W12 

W2 

W5 6 

W13 

DV132 



1.34 + 0.06 

6.52 + 0.43 
5.31 + 1.00 
4.55 + 0.50 

5.13 + 0.80 
5.95 + 1.27 
5.55 + 1.12 

2.53 + 0.15 
3.22 + 0.19 

5.14 + 0.25 
4.12 + 0.17 
6.73 + 0.82 
6.12 + 0.61 



0.08 ± 0.02 
1.06 + 0.14 
0.43 + 0.12 
0.76 + 0.15 
0.59 + 0.16 
0.45 + 0.14 
0.60 + 0.27 
0.27 + 0.03 
0.54 + 0.05 
0.70 + 0.07 
0.24 + 0.03 
0.51 + 0.09 
1.93 + 0.35 



0.07 ±0.02 
0.51 + 0.05 
0.30 + 0.06 
0.43 + 0.05 
0.37 + 0.07 
0.31 + 0.07 
0.37 + 0.16 
0.21 + 0.02 
0.35 + 0.02 
0.41 + 0.04 
0.20 + 0.02 
0.34 + 0.04 
0.66 + 0.11 



9.16 ±0.01 
8.70 + 0.05 
8.80 + 0.11 
8.89 + 0.05 
8.83 + 0.09 
8.74 + 0.13 
8.79 + 0.11 
9.06 + 0.01 
9.00 + 0.02 
8.83 + 0.03 
8.92 + 0.02 
8.65 + 0.10 
8.76 + 0.05 



8.35 ±0.03 
8.27 ±0.05 
8.17 ±0.17 
8.38 ±0.08 
8.27 ±0.14 
8.11 ±0.22 
8.22 ±0.14 
8.38 ± 0.03 
8.45 ± 0.04 
8.30 ±0.04 
8.16 ±0.03 
8.06 ±0.13 
8.41 ±0.04 



0.18 
0.31 
0.40 
0.78 
0.66 
0.00 
0.16 
0.26 
0.41 
0.66 
0.81 



References. — (1) IBresolin et al.! 
(5) ICastcUanos ct al. (2002); (6) 
1? 



(,199a): (10) 



-_ (2) IFerguson et al.l 

Zarits kTit all (119941 ) :~r7) 
Garnctt et all (119971): (11) 
1989); ' ' ' 



fT99g ): (3) Ivan Zee et all (IT991 ): 

IStorchi-Bcrgmani rer^l.l ll 19961): (8) 

'Croxall et al., (,2009l): C12) 'Lcc ct al. 



Mc Call et_al 
Lee & Skillmar 
"l2b03b); (is: 



,, (15)IOevfc Kennicu tt (1993 ); (16)lLeeet al . (2003a); (17) Miller & Hoc^ 
Jjjdarnctt & Shields! (|1987l) : (20) Stauffcr fc B othunl (il984i): (21) iKong fc Chene 
jBrosolin & Kcnnicu ttl ll200a): (24) Ryder ( 199 ^); (25) IHenrv et al.l (119941): (26) 



198. 

12004!); (9) 'Gar nett et al., 
iMasogosa et al. ( 1 9911): (14) FSkillman et al 
(|l996i) : (18) Gusovactal.' (20001); (19 

(|2003): (22) Diaz ct al. (2007); (23) !L . .. -- -_ -. ,, _,._. 

IShields (1991'); (27) Kennicutt & Skillman (20 01|); (28) Ivan Zee et al.1 lfl99%: (29) iBresolin et alj (120041): (30) [Garnett et all 
l2004b); (31) Diaz ct al. (1991); (32) Stasi nskaet al.l (I1986D : (33) iLee et al.l l|2006bl ): (34) iPeimbert et all (|2005l ): (35) 
[Storchi-Bergmann et all (119951 ): (36) lEdmunds fc Pagell (| 19841 ). 

Note. — (1-2) Unique H ll-region identification number and SINGS galaxy name; (3) H ll-region name as listed in the 
originating reference, if available; (4) Deprojected galactocentric radius normalized by the P25 radius of the galaxy (see Table[l]); 
(5-7) Abundance-sensitive -R23 parameter and excitation parameters O32 and P (see i)4.ip (8-9) Oxygen abundances derived 
using the KK04 and PT05 strong-line calibrations assuming the _R23 branch listed in Table [T] unless otherwise noted; (10) 
References to the literature from which the H ll-region line-ratios were taken (see Appendix IB)| . 

^ The _R23 branch of this H 11 region is ambiguous according to the criteria described in i )4.2l 
The oxygen abundance of this H 11 region is not defined according to the criteria described in 



